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A ESTPACT

This Paper dp scriItes a n al'joriThim f or sca n nin-i commna, Is

of i specific 4uery lanquaj;e fc.r a dIata mar.aqement system.

The commands include relational, arithmca-ic assiqnm-nt, arid

Boolean expressions. The alqorith.m acc'-pts the -xprE~sicns

in covvitionaI inf ix nctation, transforms th-m into F-ostf ix

notation, then inf o an ef ficient sp* Ct ccmputin I steps

known is oriered triples. Structured procgrammina is Lsfed in.

that Pxt 4nsivp, indented ccmments fcrm the structure and

FORTRAN codei carri-s out thez instructions of the? coliments.
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CHAPTEr I

Train in q persoi~rp I tc pezrform Li :7 asi inp IV: ii,

A ne-v-r--endinq responsitili,,y cf m1n pe3o; cn Al~i

duties art, both continuilly chan4irj. 'V- I. it 'h

in,] th - h)a.ic work to te acccm:;liE'-J -oild h. ccn!;ii Vt

ho constair.t, 4-h- i proach tc ict5[:~.~ c work an'I-

i~zt-lii~d ti'tjcs u-SE:] will virv is inli.vidudli el~~ sipr-

-in - bet-.er methods tc irake +Qhpr wo,-rk irt t-m'c

~ n je a nA supervisors ir- alsi r?;ots: :cr a s

th ~v hleiep their persornali~ y into *h(- orIatizi)ri aii

search fat. mor-~ efficient, n1CEP PL,) 1UCtiVC', a711 leFS

p x,)'nsive means to acccmplish 'he rioal.

One siqnificant aspc-ct of the continual c~anqe in

personnel and work is t1-.o apprcprialr trainin i thoy re -i to

propE-rly perform the du~v. Certainly the~y must be

sufficiently traine-d tc achiev- -i c-rtain lcvel of

pros'iciiqcy to make thc-m productive: in thc. jot). lHowcr,

over triininq or traininq in tasks which they do not p.orform

is in unnecessary expense and thus should be avoidedA if it

all possible. To optimize the benofit-traininci ratic, a

manaoier 3hould expend resources to train 1pe rsonn-l 111nY 'OT



i -3S which +-hr.Py will aclu-t l1v )ifo~.~. - hL imr.

Opt imized It raining ap I~ os i -i I wm--r crjnsii-: i mer'

v rsom a-nd il n oih which can b ? sp>zci i-c-i11v I ini- '3

nu-nl-rou.s illlivilha Is are per 'Ior Mi 'I -x a C.Iy +-I s; i* I'

This ilial situation sc-ldom cccjirs in 11he roo il w-)r1

rnor - pli us41l) le si.u at ion wi +hirn a i ive n )rq a r.iza- io - i,-

-1 ntuwh-r Of th, - mPlcYccs te Ferfcrir i 3nt ica I G,, -;i- in 11 r

tasks for a cortain por.tion Of their' WOrk-w-ek, hu- or1 iy

ftew -mployee.-s would he doinq tasks whicl, ar- i(1nticii )r

suff iciintlv similar such that the sae raininor CUrrliCUium

wouldI b ' suitable.

The ne-xt loqical st- p in inalyzinq +rairiin~

r,:iu.-rp-qn-s is in ctfort -to iri-nsfy, catctoaori7-e, in

th- 11aiks P-rf oried . AS all exampl--, suppos- eploy-- A

spinf Is 50', )f his timne rerformiriq ft sk 1, 30K perton; T.1-7 ask

2, ani 2-1 pkerfominiq task 3. Employee D'S tiM_ iS

iqtrih-ut-?1 as 3C% on tisk 1, 60 on *isk 3, ind 1017 on a:

4~ which emrlovyee A did not perform.. For ce:ploypo C, isuim-

a listrih~ution of 40 cn task 2, 2O' on task 3, ind :~ c)n

tadsk 4. The1 overl-, Of dUtiPS is3 quite oVid-nt 1Ad

consilerinq economy of scale, all e-mplo~yeps should he

trainced toqeth-?r instead of a tra ir ing piogrim heini7

customize l for Pach of them. Oni the- cth-:r 1-an]A, trin11In

emplroy-- A On task ~4 is a wastel offorf. To ob+-ain matximum

return for triinir. r escurces Pxpezn1ed, 4t he ornploy-,~ sftoul"



bo .i:L fui. or hi? varicus ri in in s ; nlt. a! V y A

in uiIA b-, rirc on tisk 1, '1 n c! a- ,

a.n] C on I iI-k I3 , mI A ,In dIr o n IF~ i, Ls.4 ~'t. " .i

h 9mpI v)yet ~r - tz-a i r;cd o n c r, Iv o dsY whiv:

will nl- p rtormrnj.4 (no traininq is was ,c ) ani +'.t l:..

c~assi s tz- as larl- as Fcssible (or r oii to: (-ICiC

con i i d .rat i l n .

~xp d ud in] *-1 i e xa m Fl t o I Iar i o r ja T. i It i-n pp

Se V- UrA IIU 1u irod *nWlCyEC-S p~rtornir- Ivarious +- TIn

proav i 1- conP.is ra blI s av in qs ifh ti he ira 1v si s is r :,l

Corliic%- . T -2 S - ~ii info 0 larlM I T Ua-it 1: C CL C t 1. UC

in IlIysis may also hc- quite b-n-?fici Al fr~-nrn

d,;Cr7iDtiOn1S, Lt-assiqnini tasks to t-ffl~ loyct-s, L- tuci ri I i tt-

(:onstitninq ritsks, ilenti fyin-i probI)-?en arcas-, inj in 3rfti

imnmo)vinl I the ov- ral1 e ffect-ivEn(sss of Iic- or la idizt ji'm

This is; wh-,re occurationial analys is car'. b' - froctiv lv

usn . )Ccupat i Ina 1 Ina lysi s is or- means 1 Cr co11Ccl- in J 1:1, 1

ou~tt :h ltas3ks P-rf c rwd w it hin an oriTaniza* ion. T

i ncl ols j31ocin-i jnfcrma ticn a bolut th job fromt c

D-Fonl E, t hnir sup' rv iscrs, and oth -?r . Occup it iornaI

anIlySiS, 1:3 W-4 1 aC(CoPtE I t Vrouqhoul. the world anl is us

XtlliSiVe ly by M-1 ijtdy LYserVice, -civ ilian oonmls

uni-rstr~sind industry (2).

In ither inq t~ e informition, rospondonts ar4 ;!kit

inliirit- on ;I r-lIative Ecal- how much tim thoy sp,-n 1



Thn - t 1 1: v DIL CC-'S* 1!I) r .11 i a, c 11 7 -

'D i V i,[ r, -1 r . r o L -r -

A I crlidr .i -) i :vm i 11y r- ia, i -o h.)w i .; r t i r - -

j~j -n Lzz~ i. n ~i qn ifI Ic~ ca: c >~

I0 --vo I 2 I aL y -3. nr t: -- a Lv sx i~ v

':- l oifl L,- , sV rt 1L cc -nFl fUt4 r t)1 I-~~ r Ip i t .') 1't

s y + - m w L icn h -is 5b-c c m, k nov w )i , , -~ Ccm;, <' i- ,Iv

Oc u p-i jona )l Dt a A r i y s is T r ra im (CC 11A F) .3i rc-

biE ,innin'i of C )DA? an i as mIorc -xporir.c ir, oc c uF iC'.I

an ri I y si s wa s oa in cA, s c-v' ,ra 1 p ro i r~ ims h, iv c I '~ri a iA

;Y-3tcIM t-) i TC LtlSE- it S Cdplility lhr ortur.Atply , no

ov-rill ,ivstem Atzsiqn exist-d ani + iocuit-n+.i~icn I.-'h

muc i +-, be .IcsirEd. As miiht bo expr-ctii ar,4, taor o'+~rr

~Xr' 1nC31 t-is- vc lu t icnary oroc 's L:1$ i in '1 ,y:c-.o,



whici i.-; I i f ic111t t c rc1i f y nd n o ~o *- iy r s,; 0 1,2v- )

us~. - i 1: U S R e -. i 7in 1 ' 1~ ir 1ta c i , 527

)ri i-I aI iy;t tf-- OCCIuP3 * icnr I '3ir 'r~r )I

A611 'In i ,;rs it V is '1! Le I coi tric with Ih '. NaIvy

~ ad hrp.ccnisultaticr. w1-:, Navy, c 4h.,r

-Di li "1 rV .;-~ rvi~>s an rI iC+ he r CrD.A P use r , it wa F 1r<-

ill -. ,It i:e Iy roaew dmjn cf rtios ci t * h- sys-;Qefr wnl

I, r 1) liz to jus t r w r itinq yi:; t mI ,I ojra 'm5. Th n-w

lo';jiin -ihotild -mphasize- locumirnn ticn, uniderstarn lti 1ity,

incr:-i.;-31 iia manirulatic canablit 1 a vicos~i

-il I I. imfl i1 nolv-ci

th-~ init-.ii l at i filtes w.-2re incl'iA( i i,,tl -- writo r o

of th sys.-al~. Th'- por~icn which is teinc L-Isiqn- I

inrlules i conso)lilA-ticr of rrc,;ranij whicl will manipuli1

1h(3lta 4.1 h11 f iles. Th- lata wrinipulation pro.:1rairus 'ill

b-? tiscel -r 1r, intezrr ter which rroc.pssrssims of t c

newly .;n'dCOCAP l3nclua W,.

With this intrctluction tc o I- anai-lysis -in3 thr- CODAP

L-Wri+e 01roject, the rclwain er of this paper will focuE --r.

+ Ifi'i~n of a small c-c-ment of the CODAP pr-oo:~ms. A r

inli> rpreper to manipulite the CODAP data 1base isz 1iscus..3I

in ch.3pt r 2. Chanter 3 delinc-alte, * t ovc--rril .I c1jcm



a po Iica ion to th,- Fto ,Ira1ms bcir! l , ~op-. A ~'i- t i

d .;Cr 1iY* ion Of ' .e prt: am I~ lccic i% I in -r~ ra co is; ' . Ch : -I.

4i. C ha p 'r u ~u-m ar .i's th,? pa p ,r a n (I s u(4Q C-s ts ~I T~ Fh w i

way b.? fit~r~ foE addi icni wr-k.

I f



CHAPTFT ? 11

IF-F INIF P7FT'-"

Ti- 'i, cisionI o rie 1' si qj tll- tpirti Oh -cf * hc y:

which Ttnipuldtezs the dat-a ws ba- in palt -n i -Sir-

provid3 -A more nAI-.iral, easier Io use 3YS'te". TV iri-

2c1DV) systCof was quit-7 I-ediaus zinc-~ usrrs wco r-o~iri-! to

indica - th-ir iesircl data maninulitioi. ac~-i,): by --1ic7inj

niunh-rF in specified card cclumnns. This- roc&3ure wai-.31clw

and 4uite prone to inducin j -irrors. To ovcercvnm( i

it wgas 1,eCiled to use free f7orrraI, -,asily ur.ierstan1b1le

En 4ish-li k- cowaands.

Th'- St.iti-stical Analysis System (SAS) lanmqualp reqarly

za+isfi~i the ibove re quircmonts but wis rc 4- otilly Fari1-

fAc*ory (7) . Scmne of th.e actions in cc cupaticnal inilysis

ar cquit unique. Ccnseq.uently 3 nlCw lanouaaoe, th,- C2DP)AP

lan,4u-, was developed to enhance thc usc-fuln*ess of the

system. Thp new COCAP lanquaqe is 3esiqned to permit corv( n-

jen* minipulation of the job analysis data. The la%, whieb

is lolically stored in table fcr mat, can he mar.ipuliac by

eith-r rws or columns %ith nearly e-qual e ase.

Sincn t hp Purpose of this paper is to present t- ci, s r

andI iuul'2mentation cf culy a rcrtion of the CODAP int-rpro~tzr,



th-~ Ianoua11 e izs[ o: covered in 11 -iI. r.)Ily , K S r. ), t i 3 r,;

of the lanquaao applicable to *tis brrar( - ln-x.

full d1--scription of the CODAP lanv71io .Tiiy te fouind ir :

CODDP J.'-r's Minual. (5)

This oaper is limit-?d to4-0 ~ ii adi~I-rn

of modul--s whicp. will handle the "f il I -A siqrinmnt clausf,"

in i the- "Rooloin c-xpri s ionl". The .;yrtaIX rhswi l--

trit- h-. two commands are in appendix 1. T I lii I -- nISi-

catfe the pu)ssible paths which may -)-: f-ollow-:d(. A liverz-.nc-

of lic~means ejith-r Fith is 3sbe.Circlos Ind ovals

denote t-he- onclosel expression is *o h.- incluicl in h

commaind s trinq exactly as sopecificl.

As in examplte, consider tho? full ASs;ianmoTnt clausp.

TIt may co)nsist of a simile issiinrr-rit clause. or the

IF-THEN-ELSE expressico which may hive onc or more .=te

IF-THEiNF,, hu" only one ELSE-clause. A possible full assiir.-

nentclaseas e-xpresscl in the CICAP lar.quaje, miiht tbe

IF Hill = 3 T14EN Tom

IF Bill = '4 U EN Tcm 0,

ELSE Tcm 1 'comment1'.

The- full assi~nment. clause is the major portion ct *he

CREATE command which may he usod to adid new columtins or roiws

to the datta hase. The, "Bill1 3"1 portion is a rela~ionil

.oxpzession which is tested for a tru'n or false2 inlicition ~

determine~ which assignment clause I.s (exo(:ute]. )nlv or.-



cissiinlhett clause of the full ainmrtcla'usi will

A tV~ical 9oolean exprr Fsion f -r .Ici~

of the COCA? data bas: ffiqh+ Le

IN Si . AlP ((Ti 1(= 3) .(7 '))

Th~ I N 3 1 ind i cat e! c nlIy t he 4 r cu of cc1 u ,n-s 31n r I 'Ii i.

t he Iabe 1)- -arL-e t o te cc n s i d;:r- ":qOT IN" is I 't

in-licator of which qroups are t o be oxcIuded. "VT1 <= 319

tndict-s only those cc lumns wh--ere th- ri var jatl.,lo:

thin or t-quil to three imill bc iccr-ptc-i. Pow'-vcr, -;I

above -xample:, if the T~4 variablo is tive , 111- valu-- of -1

may be qreater than three ard tho cclun'n is stil cri.e

The: relaticnal e xpre szicns "T1 <= 3" in,! "7T4 = " arC

opprands for +h-e ".0R?." lcjicdl onerator. Th nra1 o

tho? ".AND." otnerator arp "IN G1"1 in th izL.orim r)u f

(T 1 <= 3) OP1. (114 = 5)) .4

It i3 -ossiblo tc structure the sourc(e 13zquai- for

direzct e-xecution. Howeve r, such a prccelure locs r'-5strict-

tha flexibility in fcrmatin-i the solirce- lanqu iqe anl~ red uc-S

the efficiency of proqram exEcution. For ccmplex sourc-e

laniuaqes which have a scmewhat ccmplicat-d q,.al i+- is ccinmo%

prictice to fir ~t translate the sourcc lanqua; into in

int.2rnal form which is Easinr to handle mechanically. Tn

most int-rnal forms, the operators normally appear ir. -rte

ord-r in which -hey are to bp execu~pd (3) .Lonj roirman1



strings or 3pntpnces- ir,7 1:rcken 1owi, ii.to short ohris-7 c'

sinil- -oP,7r-tor and the necessary oporand(s). 'Th e ~i lip

which :to .s +he tL a r:.; lit i or, VIa ces he ph ra ses in. t-~~u~

orlor for cexecution. Thus the ?xec(ution prouram *' r'

nc- to bte concerned, with precelence of operator:;, ',ut :Ia.--

the, simplifiel task of c-xecutInq in ord-r of steque-r-~, cne

at a time .

Arithmetic and Boclean exrrpssic os, as ccmmonlv writr.,

can he 4 ijitze complex for a computer to proccess. Thrc rcripil

-- xprssiins uspd are known as "infix notation"9 3i-icth

1biniry ouerators arc placEd between the two operan iF on i.'ic,

they are to oper1ate. Unary orerators ar(e plac -d imm-lia-ely

in fro:,- of th-ir respective- operain-i. To estblish 9 sigK

correct ;equ-nce of execution cf th-~ ope-rators, the- cnera-

tirs ar- io-nrilly ainsiqned a rcenc-to Of ahee

nrec-idpnc- bein1 -Executed before those of a lower prccPd-:nc-.

Th'- prec-2dcnce t-x(ecuticn order can bn modified by the use- o'*

pir,-r.th-ses execainq the e:xpression enclosed by parc-ntheses-

be fore the operatojons outside *he pa rent hest-s.

Human btiinqs fin] the infix notation quite undorstanila-

bie, since it is the mos+ commcnly used system and th*.-y havk

qenerally been. -xposcd to it since the ir earlicest aihei

classes. The ibility tc scan ani comprehend mor- than or,.-

symbol at a tini, couplel wi~h the fr.oe u.,;( ofpre.lcs,

som-times ilded merely to imprcve clarity, aids in + he

I L



cornpreho-nsion of this nctation. 'Iowover, a mechinicil

device, or -1ectroriic in the: cas- of i couipu-er, Jioo' ro~

posses-i thz? same capability as humans and 4 1us Jo-.-, rc'

respond as well to infix notation. A computer is -5:scntiaiv

re strictead to caonsid-rinq a sinil1- Symbol at .1 timp -in'd Cot-

parinq thiat symbol with another. Furth~r, pi:enttie-ss which-.

humians a Jd for clarity are an utin~ccsary adi-d svmhcl -o

the- ccmputer, rr-quiring addiitional prccm siiLi time. c:or>?

quently, to aid t h-a computer , in fix F-xprressions i rc cf *+r-Pt

translatedJ irnto another form such is suffix or ostpix

notat ion.

Post fix notation will h,; us-3d in th CODAP inr prt-r.

Par'ontheses are not required in postfix notation in's op-ra-

tors arc piacel?, in exactly the ordcer in whiclh t ,ey irc -c 1b'

executed. This elimina tes +4 h,- pos~ib to confusicn ol cpEar--

tar prece dence and reduces the numher of symbols which hE

comout-r must troce~s. As -xample.;, A + R3 would b(e Wtitt.IT!

is AR+ in posttix notation; and A + B * C as ABC*+.. it

should also bc2 noted that the varibles and cons~an*F ippeadr

in exac4,ly thE samo order in both infix ard postfix flota-

tion, ant in posttix the operands iF~pear immediately to th.

le -ft of the operators.

Once an -xpress ion has been corivert-d to pos~ fix not i-

tion, A seconI conve rsicn is easily accomplishc-d *o *chie v-

a convenie-n, form for a sin~qle binary oppra1-or-i



Th- tripl9 may be -xpresspd as

((Oporator>, (Operanid 1>, <Cperan-i 2>)

i<~ Operand11 1> inrd (Cperandi 2> spccify t . ar jum*-ri

*he ope:rator. As in example, N + i3 miqht Lb(- reprts~r-n-. bv

+,A, B3

and1 A * 3 + C *D CCUld be repro,-ert---d by the se-ju-nc-

1 , A, 3

2. *,C, !0

-3. (1) , (2)

Th- numbe:rs in par-rntheses in.Jicatr that oVp-rarnd is t~

interim resul* obtained from t-? triple row illustra+(: (s--

ref:?ernc 3) . Interim restilts are oft-n pushd in,'O a stick,

then popoc I trom thre stack wh(en-evi-: requireca in i succued -in i

triple-. For rniry op'-r.tors, cnc, of th- oprand position.s

is letblank. The- siqniticancce of OrderEd tripl(?S i4' *that

fib tripleis appe ar in. +he s, ,uenc-e irt which thcey ir- *o he

exe-cut ~l. Once an exprpssion is in ordt-: rcd triplo, fcrm,

it can b.? efficiently execu~ed num-?rOus times by a ccmnput-r.

rhe objective of the modulo risiqns discussel in *-his

paner is to accept tIhe numerical toke-ns of rormal inlix

notation which are the Friqlish-lik-~ commands as input.

These commAnds are converted to pcs tfix notation wl.-ro

nec-ssary for easier piccessinq. Th- toke ns arc th-r

placed in an orderqd triple array which is th- output fiom

the mnodules. Chanter I discusses the consideraft ionfr nof



qcod &,sign which will b, ipliecd in th&- orsih 3nD sa o lA 
ii 
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CHAPTER III

CESIGN CCNSIDEPNTI( 143

5 v ~rli fictors Shculd bE cgiV.n: ciueful ciVrun

when be,4jnn in] *-he J csi n o)f cc mnul - r sof t w are *Th' fzoft -

ware should be unl:hrstdndahl'p, mo lifizibl.,, r-l iahl-,, us-lul

transport tole, and :,f ficiEnt. 11n le r,;ra n ia ',le cclv cn I r

produce i by (1001 docume ntat ion techniquls. T,? iocumr.t i-

tio)n should bp adequaltp to Te,:-ced of the u:;,qr ;i:v.i

thos- r-svonsibl,: for maintaininq * , softwar,:. T1 4-S I II

bi sandirdizc-d anil uni form. Exzn Jcre-a o hciul'!

pravide in overall dlesi qn oF th- vr3Trani nodule-s ari I th-

relitionship with, call inq ind cail c I m, du1cs. In I in.? cc-Cr,

ments shoull h)o sufficient ~o'-r allO rEa-sonahlly kncwlcl4 -i.fl-

pro~jramm;rs to easily fcllow * lolic and unlerstanii tlhe

cole.. Th- commonts in the projraims produccd. for thlis LEport

sot the structure of IthE main proqran' lciic anti th-, cOe

carrips out the loqic ct th, ! comments.

Software which is unde rstaniablo lhas a head sta t* on

heinq molirciahbvo. If ilt can he un.-rstood, it cin usually

bh( mo d if iad. AId i i on al11y , t ric(-ky c o dc s 1,o u I ' 1 a-ivo)i d ed .

I* should b- modul-irizc-d, each module performirnq a 57inll-

funct ion. Thus any nc-cessary cha nir-s will afftect

14



fewost nuimber of lines ct c,'It - .j:c*Suzui:r~i

hp complet'1y coni-ai ned on one pai toc allow ii, ?,isv o)v-,rill

vi ,w. Sabroutines dIeve-lopel for this- projrct- hitve cr

lialie I t(le-s thin 1CC lines of codEc whiO. sFhcul I ho-

compreh.-idahlc I-o cty rroqrirmm-r f iiniliar with Ihe

pro~ir-Ammin~j lanquale.

To) he reliabL 4, the- co,.I? shoul. u-spor-d a )r;:opria- ly

with any and all ot thepsil rincqe: of irput lalq whicfi

if miiqht c-ncounter. Thke crmmani -strinq wlhich is ob

r)vid,-! to the ma luleps under consi i-rat jar. will havn

pre-viously chockt-l tar syntax errors. Cors-quc-ntly t-w

roiitine3s hive beeri includEd for hanllinj crroneous

Thi.3 also con'o-rms with +-h-- speciticitions prcviiel.

Disal lowini syntax crrors, rliibility can he ch. ckvi ry

t-2stifl 'he rin-Je of o'ssibili*-s of acce-ptah c inpi*-.

Alth ouqlh not all possihl- ccmnhin-0-ions cai. r(-isonably 1)

t~seisufficioent variitions of inpu*t shoull bc -nccunter-7

to citisr eich pirt of the codp to be E-x,:rcis-i. Such, 3

prc)cedur? should prcvi'Ie a hiqh 1pirpe of l ,iakility.

To he efficient, th co1l- shoul cx-cutp in minimal

comouter time. PrqLamTNin(q shortcuts aid trachine dopcri len*

t(-chn iques trei meth~ods usei to improve -fticikoncy. Eot h

are contrary*-to thr- qoals of und'orstan'i!lp4, oiil,

and] trinsportinle. Con~oquontly some, los:s in efficic:nry

will be accepted to enbance cther ioals.



Trinsportabi lit y is of; ra jor cnrcE r% for te F2 C ? A

pro-1rams. rhe y will br- usel hy vairious -tqcicf: nn ll,~~

mak-es of" cojnputers and should pertam w-1l1 cn all orcis<..

To -enrhanc, transportability stidar i ANSI FflPTPAN na I c;

sel1-?ctei1 as l-e anquia for il1 m~j7s T- i., ccm.Ton

enouih *hat any facility of r+2sonatbl- size woull lik-lv

ilr-zady haiv-, or car. rE 3sonihly icluiire, t~c- necssrv

FOiV'RAN compilpr.

Th-? lastl -nd protad-ly th- most importar- qcal iuse

is usef uln-ss. To bc useful1, 4-h- cc i. must pe rto-rT

desir-:d proces5 f or which it was Fr )( tic-. T Ti is i S v" f i

by a rilorous te st effort, inputin4 tcs, data aill ca:r ':ily

checokin:j t~e output for the int-n d1 ? Iisults. The svs' ?m

wili be- use-f ul to more- ficiliti.,s by usinq a cosmon yro Iri.n-

minj lan ia4e, FO[RT[RAN, is liscuss' i with t r-nsyor~a tiil.y.

Structured proqIranrrinj his been, us,-i ex -nsiveiy

throuqhout. A top-down ipproich wi.s taken *o t-r 'Ak th':

problem in to manalieablc portiins ind to r-nIancc tt'n ioils cf

understandable, relidblE, ind molifiatlke codk-. A hierarchy

chart of the- system desiqnel can b,, founi in Fiqurp 1. Th,:

proiram .tructure could have bee-n improved usinq a lanjuaqe

with structured constructs, such as FL/I or ALGCL. However,

FORTRAN was the specified lanquage. Thezr4Pfore, tc provile

as much structure as possible, c-)wm-ents are plentiful aridi

structurol in nature. 1he 'hif-then-o'lse'" construct is usci
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CHAFTT77 TV

D-SC3T FTlCI C F A L 1 ru7

Tw L'a rp,);~- of th is Fro jec!- wi ~ ~in ;i Tr 1

,1- i m 1b nt c !ia q,; a!: I P r cI r-if r )n~s, x 7-C.

tri'nsformngl in11to th int-rvil formn )It !riI-" 3

,affic i-'t -Xct ion. * l holqh h *ccPtu - *

-,am- format, saaepo-3;wr (~ ~.

innits ir7e n-ly saffici-?rtly sixilir. :hij i.-; i1l C ir. L,

iinln *wit h t he joo 4 s f +w iro n,-- -:n q t (- cEni'tu-s e

Cfinction prmoiule whicL orhances p-rciri uftp ~i

T~-: prTims t-, :)roceP s the f ulI i f fleE-. t c IItj S w r ~v-I

--I? f irs t These we r- us-d as i 3trrinq poir,- to3- ceo-

ir.j the? pri Swhich Frocoss the 5oclean P xFr -S s i (-P,.

Full A~siqnme:nt 2as

Pr,- full assiqrme nt clause, -i., discussel- in cha n+ . 2,

consis-s of in IF-THEN-FLSE clause. Th.? IF nortion i.,

optioail -i if pres, nt is ccmposcl of a sim~ple relitionil

eXpression. The objects of THEN an-1 FLSI' will bie in

arjthmn21-ic 9 xpr.: ssiori whoste value3 i3 computed?( anA aFsqiqnt'i

to a v triahle. The synfax araph iapp~ars in irnpenlix 1.



Th- 1: u 11 a .;sj 4;1n -p I cla us-~* x m l* p s r I i :I ~ .

2 is reo'-at-'d hor" -for clarity.

I' Dijll 3 THEN Tci'

U'~ Fi1 F TN To cir

E fS E 1 'c c m c--r

P''-n trinstormie:1 to crdEreA t:ipl=.s -is txpr F>zi on ~ccfl-:

1. SUE Rill
2. p N zO (5)1

4. 9c

r).S 1 3 i114
6.1N? 7 nO? (9)

7. c
.1 3

To fformi the abcv-! tripl Sz, all rlliliorial -xpr -LioilsF

Are- subtrac*,-d. T .2 e-xecution plhas2 w ill push 'Ii nri

restult onto a stack which may h.-f subsequently L.7tripve& W4+

the [FOP commnand. Irmeliately follovwinih r-laion.al lzipl1

is ai -onliijonil brar~ch to the i,?x*- issiqrnmcnt claufsc, to hr

consideredI- should tho relaticonal exprEssion he Aso Af t.r

earh assiqiiment clause is an unconruitional brinch to 'he

eni of thE: full a~siqn sent clatiso, since ornly oroz of th'-

assi4fn1.nts is to be execute d.

When a full assiqnment clause is to khe processai, tY?,

appropriite tokens will be pasel by an array param-er to

subroutin- CTT~IDS, the control mnodule for creka~jno +*rjpl'3:7.

The4 flow chiArt for CTRXFS appear3 in Fiqure 2. (7TPrrS check.,
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f3r in IF-toke~n anl if 5oui~d c ills q ;uro,,t FF'~ LA> 7' i:

PoS TF X. -)n r:?turn f rom PCOSTFX, in r,:h cc cI.cc K is mali-

in 1 F-t-oke-n which -xists for ries-1~ IF-TAI~ Nr,. 1f f~u 1

pro Tram Icops back until 'the FLSE-*okcn is cncounricr I icn.

will qeeaci call of POSTFX -,o proces thre EL'3F ;uImri

cl1autise. tIDon the f inal return f rca Pr)SrFX F. Lc-ck j4- m-i,!

to verify the rrequireme nt for intorrial a idre-ssc wi~ in -h

triples. This requirent Rxists wh,=erevr 1-h.- full issi 3n-

men* claus-e contains the IF-THEN-FL.3E tokcns, tihit i s -any-

time it consists of morce than a sinAlfE, sm~e.~w

clause. rhe- need J addr,-ss is the address of the -?7i cf li;

triples and will beccme the o~euanl for the iuncondit ioniI

brrinch it the .end of each set cf triples reprsrentin . -a

simple.- asssLinment clause. Tetriples arc- t.- :n i r 11teri out

if lesire d tar minintenance or *I2buqjinq parposos anl th-

subroutine returns to the callinq -nodule.

Subr,3utine RELATE proccossEs th-? re la~ ional 3-xpresln

fallowinj the IF-token and placos it in * c- ordered tils

The flow chart is illustrated in Fi-jirge 3. "le 1ati c ral

-?xpre-ssionS dre? limited to f he followini components:

1. Optional Etrinq of unary pluses ani/or minuse s;

2. Cohnstant or variable id(-ntifi( r;

3. Rlational operater;

4~. opt ionalI string of unatry plusEs an I/or irinise.-;

5. Constant or variablo idientifier.
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Figure 3. Flow Chart For RELATE
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Uinary plbise-s are dissreqgardcd since thiiy h- v, I o ef f-.

Unary minuse-s will ne'late the cons-int or vdriable tc-knn D!.

which *hayv operate. (The processinil of unary plus-5 and

minuses is a min3r do-tail which 1--; not appear in any of

the flow charts for sakE of siriplicit y.) The ope ran Is of 4

the relational operator (variat-le-s arid/or cornstant!7) arc

placed in the second and third cnltumns ot the triple array.

An in*,rnal code for subtract is pl-11iK it. the- firs+ column

of the triples as the operator.

A brinch condition based on the specific rela,-icnalI

operator is placed in the next t7riple. Tl.E- ad dr sA cf fj

triple is savod for insErtinq *h object of the branrch it ar

later time when it becomes known. TlhiL occurs In sutro)u-iro-

BLDTFP. The purpose here is tc jer-rat - a branch to t- en,!~

of the T4SN~ assiqnm(ent clause should tho relational axpres-

sian be false. The address of the end of the THEN-cliu! e

is not known until BLDTFP completes buildini thre tripl-es for

the TEFN assicinmenit clatse.

Subroutine POSTFX receives the s~rina of tokens repro~-

s(entinq a simple assignm~ent clauise such as

A :=B * (C + D ** E) - S-Irt (F) .

With this input, POSTFX tran!sfarms the token strinq into

nostfix notation which vould be

A, i3, C, D, F, ol, + 1 1, S(Irt

BLDTRP is then called tao hull thp orde-r-:d triple-s rrcm th-
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simple -Issiqtiment clause. The flow chart in Fiqdr U illui4 -

*ratcs th basic alqorithm used.

Input tokens are Farsed one at a timc anl, 1;.p-ndini

on what they represent, either moved directly to thr outputi

stream or oushed onto a last-in-fir ;t-out (LIFO) stack tor

an int'rim period. When the "en 1" token is encounter[l, ac.v

tokens remairninq on the stack are moved to the output stream.

Since the order of variables and constants as read frcm leF

to riqht is the same for b)th infix and postfix notalic,

they ar? always moved directly to thp output streim. Th-

orler )f operators is chan=d as neceEsary to ot~ain *Y

proper seluence of execution. The standard precedenc of

operdtors from hiqhest to lowest is:

Funct ions

Unary plus or minus ( , -)

7xponentiaticn (*)

Multiplication, division (*,/)

Addition or subtraction (+, -)

Assignment (:=)

Riqht parenthesis

Left parenthesis

A seri-s of relative comparisons :osult in tho Ftop(r

sequence of operators. A lpft parenthesis is always push-J

onto the stack. When the stack is empty thp opera*or is

pushed onto the stack. Plus and minus sigrs must b chrckc1
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to ]et-rnin3! if they are unar.y or birnary operitors. T I r v

plus -s ir--! disr-'iard-41 I ihilp "ach zma yr'ls rk~it- it7

op,,ran.1 t1 oken. P. maianfl opera~or -nk( ns arp ccmpirr-l wi

'-h-' tck '-a at th' top of the stack. It 1-he -stick tokan isz -)4

equal or hi,4h:?v preccdonce, it is outp-at and iakothcr ori:

son is made with the new tor of th-? stick tok-: F. Whcrn th.e

inpuf toKen is of Eiqhrr prEced~nc- arli riihit ~rrtei

then the stack tokan must hp a left par,.n thesis, so hoti. ar.m

'liscarl-1. in other cases when th- input tokon if, ot ~~

preccd-:mct it is pushed onto the s- ICk aKid th,? n-ext tcket'% is7

f etc he 1.

Th'- simple assiqnmert clause his 'our pos)sible dnliffi!7-

crs to mirk its t:nd * A second fv-tokfr irdicates a r e

IF-THCN situation and a relaticnal exyression will fcllow.

An ELSF-tokon marks the end of the THEN -ssi ~nment ea~

which will b,: followei by an EL3F assi;nrpnt- ClaLsO. r F,,

toke ns 'IOSAVF and COM4ENT are speciail tokens to de7note -th

endl of th- full assiqnminent clause?. Whori any of thes.cr li-

iters are encountered, the stack is moved to output and an

inte rnii end tlelimiter is rlacedi in tho output strea-P.

POS1'FX then calls BLDTI;P to ccnvfer* *h,- po.-tfix issilrmeni-

clause. into ord--rel triples.

Subroutine BLDTPP builds tripl-s ftom th,= rost'ix ex-

pr,4ssion. Figure S is '-he flow chart for 3LD)THP. !]sirI th~-

while- lo zonstruct, the underlyinq loqic is, "while the- t ck-,1
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£5: Or.nj, iritern a I end Ae I irri to-r, ] 1c,~ t~iP Ou'lr I tOrs

in d] (per in is i tto t h e Frop.-r rosi t i cT, . t 1* i rra y (-)

or, i 'red I r i p Ies".

vi~e tucltf ix tck-:n strinj is pi5-iuntil an' ou)-rctor '

~oil 11 1 rhat operator aril thie FrPCC' lix two one-' tiniis- (n.n

ooeranll for functiin oFerators which a--, uiary oppra-,or!L)

air, pldlced into thez triplea array. Al~ir bi jt~*~jj

thp -riple, a zoro replaces operator tokens in th r 4r x

st r i n. This step will prevent, finy aIt t-npt to us-' 7.? same

OP"ZratOr tWiC-. It should also !)- not-(! tha- + ,- in *-zim

rescult of i triple (an oLoerv'-r -and its resnprct ive r- rns

may b- the- operand for i subspqilent trv~. Thus t1.1 ril .

oper ind i n t h- po it f i x st r inq is r'1 a cE wI- a P1 r, cco:. na1,n

to I notP the int(-rim r.es-ult of ai pricc Iina zi Vl1- i _ to

be poppel fram a stack. (Durinq fexecution, int.-rim trijil,

results -. ili be automatically pusbe I onto a stack for ii

ijs-.) After th(e secnd operand is nlacoli ir. thp tripie ai

z-ero i placed in its position in the post fix -ztriri *o p'r-

cIluiQ *hit operanA frcm beino use~ a srcord ime.

The subroutin-? then f inaiiz,-s sc-me -ddi>-sses wi*hiin th.1

orderei triplces. The condi~irnil hraitch tor i f ils.- r-i-

tionil expre-ssion (false IF condition) is jivor Ith- aiiL-ss

of the penttriple plus two (t b eoinurl of th- ?FL:;*F-

cl-ause). The npxt triple is qiven ir uncorditin-1i branch to

th;e en i of the full tssi ~nment claus,-. Ai; only on- i! !;i iii-



[rent clIAIS- is to he exEcutn(!, eoich ca usc-i fol low~t 'i-1.

a bra nch to th en.I of the last ass14qnrnnt cli us a. -cvs

tnat iflr~ss is not kncwn yet, r. - ddr -- s of +h ni cf-

siinole lii4n~ t c lause is rpt a in-,i and tL f~-1:inal 1 1

a,!ir~ss is inse2rt-d1 in each in A W171[-u LI 1OC- dUr? i r. C TRI~i

Bcclean E xprssicL

The Boolpan expressicn , as 1i :cusc- I it, cha;pt-r 2,

consits of a- series of rplaticnal '-xpr-ssiorns which al.

onerands of loiical c perators. T'n-y hay;- the same t c-sibl-

s3yn t ax as the full a--siqnmant cliuse rc-lationil p~m

pre s-nt- l ?arlier. Ihr tck-ons 114 and NOT INJ and tL.-ir ~i

Il-- n4-if ier are- also Po ssi blIe oapt-rIn i s, i nd i ca t in ( 1aa Is

b~ ?ith-r s;elect'?i from *thfe .spci f in -e!rou ; ol ccl vrcz if

the lati bas(- or s,?lectEl f rcm (-oluans ,.ot wi--hii :' ,veci-

fie- Iq ~rou L. P Aren t hs PSSMay alSo)1 1 C hM u0e to oiif V t1h-e

pre~ lncaof operator.s or to imn~rqo un1,rstandihil i*y of

the expra-. --ion. An exa!ttl-- of a priper !Icclear. 9xprosicn

miqht be

ING1 .AND. Ti1= 3 .AND. (T2 <= 2 .OR. T2 > 9).

After trin-sforuiinq this expression into pos~fjx notation

it woull appear as

TN (',, T1i 3, .ANE., T2 <( 2, T2 > r), .or., .AND)..

Th-: strin4 of tcken.s in pcstfix orl r must now hb? corvert'1

in~o )r1Prd trip1Aps for effici'-nt x'-.citi on * Th- e3r?



3rA'tLE1 i pl,..s for the pL-~Cedin 1el re;i~ ir( m - W

R0 U~rat c - cl-rah, 1 1 _ L : 2l

£4 ADC
5F (7)
FAD C

7 A ND1
SUP 2

PP~ P (2)

1 ADD 0
13 SUE T'2 9

1 4 BM7 PO (,1 7)
1 5 AD F E
16 P (~
1 7 ADC

2 S ET MS K P P S LECT

Durinq e x t-cu t ion c f t h. - aov t r ipi~ th rla'+ ioi, Ii

o v Iu a -i o rs a nA +- he con d it io n l a T I u r conrd it io tI hr iT-c

f unctj:on iden*icil to those oxpla in-I pr--viously wil h

full asirretclaus-4. ThP IN 1roup npe-ran2, will r--u-, -

on- to h- Pushed onto a stack if th- jroup ~i's

a ze ro will be pushc d. T he "A MD 1 1", triple i' -x.-CuteI

if +),,- rz'lational expression is trur anti will cause a cn4

to b- pti:he1 onto tl-e stack. For a falso relatijonalI'p~

-;ion, th.? "ADD 0 0" triple is expcute d, causiil :i zero #in

be push-:d onto +-he stack. The AND tripl- 6ili pop 71-ack

twic- anl it there ar- two Cnes, a one is p ushr-(I, c+ hp Lw is

I z010 is Pushed. Similarly, (j? pops th- stack t wic-, irivl

puslhes A oil' if it least- on( of *h pojl;- is a oneP. in&')w '



t:J *h-or- ~~di> -, z i o is s

orAi- ri;, * r i ) 1':- f or iEr c 1pa r, -nA rli r :11w ]Ac -x r~~

r )u* 11v~ To nz-kcC1u1-' x ~ zv -- i~o,~h -

ot hie f i I a s, qn mn t cI aj sc r u 1?- w Il u~ us- "

ni~- a r, n y re iq ni f ic -<irIt I i U: LI;cw f L" ic cl I

ir will )4 tx;)I i nl inl -his 2 cic

prolramn -dill cal1 suhrculio- SF' :X i-re:: 5

"n-o f i x -s - Ie cr Tl.E~c- ld cliaL § .is ;uhron,1- i.;

*hi*,jt<~5  ofPOr~~SIF an~i r - ) i + c- - X p, -n-

kFM1AIK i:-- +,h. only JVl Ii.rni r r ' -l xn ~-rr'-

Th< nr c, i n c- o + ucssit-e me1j'ji 11.-

Riqh- par(-t~sis

L.?ft par,,rithc.Eis.

The op,?rinl1; for thp Boole-np x-sin r t-mr-- thiAn

on~ token in length . Ccns- quently tf.r routin-2 r,,cv7ri z-'4

eiciprion, of an operand (uniry F-lus or irinis, c~i~

vari-iblo , c.-Litionetl OVErator, 111, NO)T, ui Ir cup ) iA uv

thc~m dJire(,tly '.o t cl utrut strin~j. Cclcr tf.- xr--; 1



coflv r, i I to r))st fi x nc tat i on i L (70o LiZatI 1- C !I I 1 71

i,; 11 cI in t h- Ot r in I in Suhro 11 in', "TLT I IL'- i :-i Ca I I

Subcoll-in,:1 TF UE L3 (Fi jur,- 6) c-ui.;- DI3cc I i n -xt:;

no--; fosttx ro' at iC n an]A a r r -il:s ~ 1: ta-n. r 7-

r ?i A lair, *tinre ir,4 simil1-ir i- s, y -+ ~i f feen~~

compArin.4 subroutin, s IRIPLS an] FILrETFIT

TI,- postfIx st riniq is parsc-1 imm] !-. toK ~ns -;irr-ifj-

Lolical operators (.AND., r. E.) -ir mrv."i air-c-lv Ic

-rinle an I the next T-CkEn i S ftc- 1 . Plh6 op ?rmI a N '1' 3I1

INO T '- i lo n I wi +- h qi- Lqcu p iijE r Ii :i-L 1:r pliceli ;.I

tr7ip les. No branchi conditions ar.e r-z.quircd since 11 - XOCLI-

tjon phasz:- will clttermin2 W~hther T (-~ S-OPE-Lads- a:- rj- or

f al se, -,)ishin- a one or ze rc as a ro pr idtc n +o h,, ~t ick. *
The? only other token tyre2 is -i 1o'jicil opcrarl I of -I-rz e

tok-ns wniz-i formn a r' lational expres-si-n. -h- -3uI'iir-

csVI will hbe placed in the triple fclow- d ty thc lwr

relati)nal operands. Tloa npxt triple will (jet -a conlii'-onil

brinch batsel on a false rclaticnal 'xr-in. A on- or

Zzro, iependinq on a true- or false rolatioia 1 expres sioi., iz;

pusaci nto th- stack. Finally th, triplres muqt provii- fo(r

-Valuvtin1 the e-ntire Pcclean expr-ession is evaluatod. To

lo t his th- stack is nopped. A on,- ii.dicat- s a *tru-~, a ze:ro

a fLl.;e -cxprpssion. A f 1la (SETM7,K) is sp t' rfl~c'-th

coniion. Now that thE triplems a.rc c-cmtlE+-i, rPiTLtS

r tlirns I~o PSTFX3 wich ret urns 4-o j*S (-a 11 i ou



START

GET TOKEN

TOKEN y SET MASK
END ~TRUE/FALSE RTR

TOKEN Y MOVE TO1

Figure 6.FoThRt orTREL

.OR.

?-



A' thi-S point , th - rout in es to t ivi--tcim~-~~~

aE si~nwient claus-? an.1 Fcolein qxpr- szionF, jt:) or I.-,

trip I e, h av,, been fullIy disc u~s- 1. 7%, nr x- -h r

chinter ~,will conclule this papi r.



CHAPTERi V

CC N CL TI:T C N

Thi3 project has- Lt ic> i n -vncnn

i-~Sired pro Tri-mls. fzi-vrra liryiqi-] 3' ot Ai hav-z

processod Ind th,- desirc-d riesu1l-s !-Ivf h oirm.

soild 1 - ?m ph1 iizfld Icwe-v, ~a th- *r'rn : I

isz-;um1eI in th, speci ficat ions thial tokc r.s wou1 q

-Iiic d md checkEd for corrc-ct syn-actic crdlei bctorc 'I)o-iuii

Do'c-ss i inlto orJ-?Lcd triples. Cons r.u t ly , t hos*-s

pro.)4rim s h-ive i ve ry lcw tcleranc-? tn -rot~cous inryt.

FOiRTFAN wAs :speci fi=-d as hepronritrmi ni lcinciiiie in

or>rto '-nliaice transprtitility. PN31 FOEkT3AN is

-itnt:r~illy corisilcr tc be an unstruct ured laniiq- sirc-

its cr~ly nans of chanainq the ord ?r of cx(-cutic-i of,

sti*,mtent:; from sequentiail is with '10 TOs and '- DO-l-oop.

Howev,?r, it wais possible to Frcvidc- a perception of

st.:uctur -o tho prolrams. Thi3 was accomplishe I ny i

carofully stric-ur-~d use of corm-nt s aind precise jul ~n-ation

of commones ani (-xccutahlp statomp'n~s. Thc- r-sultin-i coie-:

is morce unrlh-rs+-andible than ircst FORTRAN pio,4rams.

Th- mo.-t difficult asprect of th- projrct wts I-finir,,i

i r



and un~i r st iiriA inq t h sp'c F PeCa Cr an r-4ji L - ge~

project. Near ly all of he ccmmunication was or-i 1 w. i2 -P i y

be subject to lit ferent int-~rrr a,3*ion anG ~itty of t-,, .

f )rqr)t t e n o r 1ra ke a r d if tc-rcrn t ma r. inr a fr p nri

ti e. Further, the duthor was not -invclv-'o in *h-F -)V 1-1

CY-)? pro)jc 4 , thus initially did no'- have +.h, brc-A

p-r-.p-crive of thlo :coD r syst,.nu. Wit!.~tn ion~I

only the poblem -at hand, it was oft- -n rnorr, di tiC-il*

unIer-stin I the nc-ed and reason for certa iV SItnif iC~im

Fin-ally, th-- specif ications wore no- pr,-c J:elv dvii -I bl i*

the start- 3f th,? project. Sp ec i ficl t ioin.; ar-e ncrril 1 v

d-vPlOQE- I or- modi ticd as the- FrojEct r- E-s as wa 7 :ru-

in +-his ;it,1a~ion. As exp-riencel in prOIaI:v all scftar&

di-veloomu.nt. projects, * Spcification CT, -Vol Vf andI c ha i

as t i m Da ses, t h c us e rs t hinr:k o f o th cr r c.q u ir e m r, .ni

peculiarit ies, and the desi gners parce iv.- r.ew anI-x ~xanilin

c -apab ili t e s. Real worli exp-:riences cencount-red in hi5-

project will ce rtainly 1), of silnificant value to the-

aut hor.

Fluture: Efforts

Al~ houqh the subroutinps i-v~lopEd fui~c~ion acrcrC iini

to tho spk~cificitionus, additicnal improvomeruts coul' ;t1

be ridd- ,I. Separate sulioutines were d,7v-?loped for

tzainsfi'rminq thp input tokens into nostfix notation, th,-nr



int') or 1'or( i tr ip l S. Ih c- so p arat- subrout inncs w-t4 cn e T

to break *.Ye ov, ral I ?.rcbl-m down -itc smali-r , :no:

anaebl- prohhl-ms e&nO tc make ~ Em iall £riou4h he

easiily und -rstjod. ThiE .os, h~vr nri~t

comout-r ove rhead d,'VOtE'1 to linkin4 -thre vario)us b:Iin'

to . - the r Algorit'.ms exist (1,6) to co~ivc-rt in infix toker

strirng directly into ordere2d tripl' ;. A compiri.son -wori

the lnq.th, comiplexity, and execu~ior. etFici~nc-v of ":-~ -wC

me'hods may bce enliqhtering.

As'ocond ir'oa for fliture stuly -.cnc-~rns- the orirr-li

t~ileso~t'ic*~dfrcm the Poclcean ex prassion. T ie

bool-an 2xpression is ccmposc-d of i -series of lolici

oporiAtors (.AND., .OP.) and t1-e asoiae perands. A2

dev-lopedl, the -ntir,- set of tripl-~s mus-t,;7 exc-cu- 1 o

dete-rmine- the r--sult of the axpressior. However, for

certa in -se- uences of oFerators, it can bo d(-termind* hit

the- ?xpr- sion is falsr tnef orE -he ontirc- expr-zsion isr

evaluat.?I. This wceild te desirablj- since thore is n'c ne- i

to qval uit,- the? remainder of thke expression ou-e Ith- f inAlI

results have- already been drtermirel. TICir.q ahiea te .o

heexpr--4ssion evaluati :n once it-- results 1-ave been

letermineA would save executicn tjtno. Blut de v ll'Pinl -1

alilorithm to insert the proper branches into tht- trir les is

not in eisy problem, ccnside-rini the various poss, iblc

sepjuence3s of opierators and how par-nthesps arp 'isfd +o



3.
chainqe the thp normal rrecedence of execution. 73u Ch a:

optimizing ste:-p wouli likely re'luiro the- tokgens tu bc:

scanined steverdi times %hile (]ev-1oping the possible ah

throuqh Boolean cxrression. Due to the ccmplexi;tv, succh

an optimizinq -,-'fort cculd likelv result in terrcrs as are

sometimps encoutered with ccmmercial optimizinq ccmpilerz-.
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APPENDIX A

,1 SYNTAX GRAPHS

41t
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: .~ n I - E; :1 q i rI - ~ I i V. 1 t i i'

1D1 ck -v Tf it1 -7, ~ie c P t E 1 i~~r! CCTMna-

1)e 1 3 A- arrLay I N F T C 11 't!P'J T ij I I

J imns i -me i 't a ar4' r size in 1 11 su (1- ro011t I. F. Al A~

ally, th~matrix wllich 1-turns th~e el~~ m L2

miv ne( I to he .- nlarj 2d I~.i~ 8 by

A S a Ck i S uSeI i n +-he SU br-ti inc.-s PCSI??! -in I QSTi.

to) t -mpo a rily -icl'1 ope ritors %'jj i 1 -1 a jL n. t

C-i f om i 11 iX t 0[oS pot f i X 1 -o~i 3r . ,-aCk Siz7 iZ P~.

I ti c-, c-O vn i. )1- , a Ith cu~ tIn 1 l ey , L V v I iC n~ Ir ti is1

o' in n-ut t -Ae~ nd Wit h cc- I~ia r S n " op' or i -

tots , 00~r Ii, nd par cnt ibe-SCS, CO-, LS+ ac-K to ow: rf loW.

If this .;hOu P. occur, tF,. st+ack s:i7- sod b,?n:'s2

PF~ rLVL is a , n to e r pai ri m--er- wh ich. v- I i-5l pr ii. i j

u t, i n t -a r i da +a f at mna int e naC n Otr)rdE {ih uc Qi !i (I r F 11 F01

For a value &)" zero, the postfiX F*Uinqj Of tokeins 301i

co-nnlete d ordercd triFICS aIrcprn.

Tl!e tokers must bE in n.-rcvr- syntaictic orlie: w en

pas 7, ( to t h.:- ?s u1 S~~ifle s. Th - s Pec it ica t irons w :- - f r

oth.ec milule s to do the edi~inq an I syntax (:cckin i. 'Ih

1losi Vied sub'routinc-s ha v' 1 i+- * fault toleranc- P-or

imTarop-r token.- or incorrect tok- n or(I-r.



F C icD - MUS" hc-IV CnP

2J n,-)2ri 9 Iot t rq

3C003 G~T.

3OD 0L
3COC~ 5G F.
30005

LD-4ic--d nperatorS

4002 . 0 R

3CCO left ri)~ P Iu('

5 CQ 0 6mius '-

5 C w u ti i F 1'/

51o)expnnfeftidtior. '--

5cU1J assi-ir

60009 squaire r-,o-

7~OO-i9 q~and l5Cl0Y) or 1lrucrl

Specific Iden~i fiers

14)9(6 IN
1416)7 NOT
14240O8 THEN

1LU4CO2 NoSAVF
14L4)(P REMAP<



.?nerated In*Ernal Cod-
50011 BNZ brInch: on n.o+ zero
50012 BZ branch on 7er0
50013 9MZ branch on miru3 or z-rn
5f014 -PZ hrach on plus or zerc
50015 EM brah on inT .1!'
50016 BP br inch on plus
50017 9 unconditional Lranch
55001H ACD push or.'*n stack
50019 POP pop frcT stack
53020 SETMSK spt 'hce mask
50021 .AN. loqical ind
5C 022 .OR. loqical or
50023 IN in -roup or mo~lul-
53024 NOT IN not it. -roup or molulN
50025 CPEATE -rea-? now dat
50026 SELECT -lecc frcw dita ba c

44
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1. SUBROUTINE CTRIPS (INPUT, PRTLVL, TRIPLE)
2. C
3. C XXXXX XXXXX XXXXX XXX XXXXX XXXXX
4. C X X X X XX XX
5. C X X XXXXX X XXXXX XXXXX
6. C X X X X X X
7. C XXXXX X X X XXX X XXXXX
B. C
9. C** ** * FUNCTION OF NODULE*** **
10. C
11. C CTRIPS IS THE CONTROL NODULE WHICH ACCEPTS A STRING OF TOKENS
12. C UHICH FORK THE FULL ASSIGNMENT CLAUSE AND CALLS THE NODULES
13. C UHICH CONVERT THE STRING INTO ORDERED TRIPLES FOR EXECUTION.
14. C
15. C******* PROCEDURE FOLLOED******
16. C
17. C THE FIRST TOKEN IS CHECKED TO DETERNINE UHAT IT IS. FOR AN 'IF'
18. C TOKEN, THE RELATE SUBROUTINE IS CALLED TO PLACE THE TOKENS OF THE
1?. C RELATIONAL EXPRESSION INTO THE ORDERED TRIPLE ARRAY. FOLLOUING
20. C THE RETURN FROM RELATE (OR IMMEDIATELY IF THERE IS NO RELATIONAL
21. C EXPRESSION) POSTFX SUBROUTINE IS CALLED TO REORDER THE INFIX
22. C ASSIGCNET CLAUSE INTO A POSTFIX ASSIGHNENT CLAUSE.
23. C POSTFX CALLS BLDTRP UHICH PLACES THE POSTFIX ASSIGNMENT CLAUSE
24. C INTO THE ORDERED TRIPLE ARRAY BEFORE RETURNING TO THIS NODULE.
25. C REPEATED CALLS OF THE RELATE AND POSTFX SUBROUTINES NAY BE MADE
26. C TO HANDLE NUMEROUS RELATIONAL AND ASSIGNMENT CLAUSES.
27. C
28. C*.** * * SUBROUTINES CALLED ** ******
29. C
30. C RELATE-MOVES TOKENS OF RELATIONAL EXPRESSIONS TO THE TRIPLE ARRAY
31. C POSTFX-CHANGES TOKENS OF ASSIGNMENT CLAUSES INTO POSTFIX
32. C ORDER; THEN CALLS BLDTRP UHICH PLACES THOSE TOKENS INTO
33. C THE TRIPLE ARRAY
34. C
35. C ******* VARIABLE DECLARATIONS* *
36. C
37. C PARAMETERS
38. C
39. C INPUT -INTEGER ARRAY, LENGTH 100, FOR PASSING TOKENS
40. C PRTLVL-INTEGER, VARIALBE TO ALLCU PRINTING OF EXTRA INFORMATION
41. C UHICH SHOULD BE HELPFUL IN MODIFYING OR DEBUGGING THE
42. C SYSTEM
43. C TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNING ORDERED TRIPLES
44. C
45. INTEGER INPUT(100), PRTLVL, TRIPLE(80v3)
46. C



51

47. C LOCAL VARIABLES
48. C
49. C BRADDR-INTEGER ARRAY, LENGTH 20, HOLDS INTERNAL ADDRESS OF TRIPLE
50. C ROWS WHICH WILL GET UNCONDITIONAL BRANCH TO END OF TRIPLES
51. C INPNT -INTEGER, POINTS TO TOKENS IN THE INPUT VECTOR
52. C NUMBX -INTEGER, COUNTS THE NUMBER OF PLACES FOR UNCONDITIONAL
53. C BRANCH TO END OF TRIPLES, INCREMENTS THE BRADDR ARRAY
54. C OUTPNT-JNTEGER, POINTS TO LAST TOKEN IN OUTPUT VECTOR
55. C OUTPUT-INTEGER ARRAY, LENGTH 100, FOR PASSING POSTFIX
56. C ASSIGNMENT CLAUSE
57. C RENDER-INTEGER, SAVES INTERNAL ADDRESS OF TRIPLE ARRAY TO INSERT
58. C ADDRESS FROM BLDTRP SUBROUTINE
59. C TRPROU-INTEGER, POINTER TO ROWS OF THE ARRAY OF ORDERED TRIPLES
60. C
61. INTEGER BRADDR(20), INPNT, NUMBX, OUTPNT, OUTPUT(100), RENBER,
62. & TRPROU
63. C
64. C* ** ***EXECUTABLE CODE******
65. C
65.1 INPNT = 1
65.2 NUMBX = 0
65.3 REMBER = 0
65.4 TRPROU = 0
66. C IF THE FIRST TOKEN IS 'IF' THEN CALL SUBROUTINE RELATE
67. IF (INPUT(INPNT).NE.140805) GO TO 80
68. 70 INPNT a INPNT + 1
69. CALL RELATE (INPNT, INPUT, RENDER, TRIPLE, TRPROU)
70. C END OF IF
71. C
72. CALL POSTFX (BRADDR, NUNBX, INPNT, INPUT, OUTPUTp PRTLVL,
73. A RENBER, TRIPLE, TRPROJ)
74. C
75. C IF THE NEXT TOKEN IS 'IF' (NESTED IF-THEN CLAUSE)
76. C THEN CALL SUBROUTINE RELATE
77. IF (INPUT(INPNT).EO.140805) 60 TO 70
78. C END OF IF
79. 80 CALL POSTFX (BRADDR, NUMBX, INPNT, INPUT, OUTPUT, PR7LVL,
80. a RENDER, TRIPLE, TRPROU)
81. C IF INTERNAL TRIPLE ADDRESSES ARE INCOMPLETE
92. IF (NUMBX.EO.O) GO TO 100
83. C REPEAT
84. C PLACE THE SAVED TRIPLE ROU ADDRESS IN THE PROPER PLACES AS THE
85. C OBJECTS OF THE UNCONDITIONAL BRANCHES.
86. 00 90 K = 1, NUNBX
87. 90 TRIPLE(BRADDR(K),3) a TRPROU 4 1
88. C END OF REPEAT
99. C END OF IF
90. C
91. C IF PRTLVL a 0 URITE OUT THE ORDERED TRIPLES
92. i00 IF (PRTLVL.NE.0) 60 TO 600
93. N TRPROV
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94. DO 110 TRPROU = I,N
95. 110 URITE (6,510) (TRIPLE(TRPROU,J), J 1 7, 3)
96. C END OF IF
97. 510 FORMAT ( ' T10, 17, T25, 17, T40, 17)
98. 600 RETURN
99. END

100. C$EJECT

.. . . . .. - . . . . . .... m l~ Il nnf . . . .. . ... .. . I| .. . . .. - . .... ': " - " " liD .. ....... . .. ... . . | . . . .. .. .
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1. SUBROUTINE RELATE (INPNT, INPUT, RENBER, TRIPLE, TRPROU)
2. C
3. C XXXXX XXXXX X X XXXXX XXXXX
4. C X XX X XX X X
5. C XXXXX vXXX X X X X XXXX
6. C X X X X XXXXX X X
7. C X X XXXXX XXXXX X X X XXXXX
8. C
9. C** ** *** FUNCTION OF MODULE $ * **
10. C
11. C RELATE SCANS THE INPUT STACK OF TOKENS AND CHANGES THOSE IN A
12. C RELATIONAL EXPRESSION INTO ORDERED TRIPLES UHICH ARE OUTPUT IN
13. C AN ARRAY.
14. C
15. C***.$** PROCEDURE FOLLOED******
16. C
17. C INPUT RELATIONAL EXPRESSIONS ARE RESTRICTED TO THE FOLLOWING
18. C FORMAT: 1. OPTIONAL STRING OF UNARY PLUSES AND/OR MINUSES;
19. C 2. CONSTANT OR VARIABLE IDENTIFIER;
20. C 3. RELATIONAL OPERATER;
21. C 4. OPTIONAL STRING OF UNARY PLUSES AND/OR MINUSES;
22. C 5. CONSTANT OR VARIABLE IDENTIFIER.
23. C UNARY PLUSES ARE DISREGARDED. UNARY MINUSES ARE ACCUMULATED
24. C AND, IF THERE ARE AN ODD NUMBER OF THEM, THE CONSTANT OR VARIABLE
25. C TOKEN IS CHANGED TO A NEGATIVE VALUE. THE FIRST CONSTANT OR
26. C VARIABLE IS PLACED IN THE SECOND COLUMN OF THE TRIPLE ARRAY,
27. C THE RELATIONAL OPERATOR IN THE FIRST COLUMN, AND THE SECOND
28. C CONSTANT OR VARIALBE IN THE THIRD COLUMN.
29. C
30. C.$ * ** $**VARIABLE DECLARATIONS** *
31. C
32. C PARAMETERS
33. C
34. C INPNT -INTEGER, POINTS TO TOKENS IN THE INPUT VECTOR
35. C INPUT -INTEGER ARRAY, LENGTH 100, FOR PASSING TOKENS TO THIS
36. C MODULE
37. C REMBER-INTEGER, SAVES INTERNAL ADDRESS OF TRIPLE ARRAY TO INSERT
38. C ADDRESS FROM BLDTRP SUBROUTINE
39. C TRIPLE-INTEGER ARRAY, SIZE 80 DY 3, FOR RETURNING ORDERED TRIPLES
40. C 7RPROW-INTEGER, POINTER TO ROWS OF THE ARRAY OF ORDERED TRIPLES
41. C
42. INTEGER INPNT, INPUT(100), REMDER, TRIPLE(80,3), TRPROU
43. C
44. C LOCAL VARIABLES
45. C
46. C MINUS -INTEGER, UNARY MINUS OPERATOR TOKEN 50006

.. .. .6
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47. C PLUS -INTEGER, UNARY PLUSOPERATOR TOKEN 50005
48. C POP -INTEGER, OPERATOR UHICH MAY BE INSERTED INTO THE ORDERED
49. C TRIPLE ARRAY FOR POPPING RESULT FROM A STACK
50. C RELOPS-INTEGER ARRAY, SIZE 2 BY 6, HOLDS RELATIONAL OPERATOR AND
51. C BRANCH CODES. THE OPERATOR CODES INSERTED INTO THE ORDERED
52. C TRIPLE ARRAY AREt
53. C INPUT RELATIONAL BRANCH BRANCH
54. C TOKEN OPERATOR CONDITION CODE
55. C 30001 .EO. DNZ 50011
56. C 30002 .NE. BZ 50012
57. C 30003 .GT. BZ 50013
58. C 30004 .LT. BPZ 50014
59. C 30005 .GE. ph 50015
60. C 30006 .LE. DP 50016
61. C RELPNT-INTEGER, POINTER TO ENTRIES IN RELOPS ARRAYY
62. C TEMP -INTEGER, USED FOR DETERMINING IF TOKEN IS A VARIABLE OR
63. C CONSTANT
64. C THEN -INTEGER, POSSIBLE INPUT TOKEN 142408
65. C UNINUS-INTEGER, UNARY MINUS MULTIPLYING FACTOR
66. C
67. INTEGER MINUS, PLUS, POP, RELOPS(2,6), RELPNT, SUB, TEMP, THEN,
68. & UMINUS
69. DATA MIHUS/50006/, PLUS/50005/, POP/50019/, RELOPS/30001, 50011,
70. £ 30002, 50012, 30003, 50013, 30004, 50014, 30005, 50015,
71. 1 30006, 50016/, SUB/50006/, THEN/142408/
72. C
73. C ******** EXECUTABLE CODE********
74. C
75. UNINUS = +1
76. INPNT = INPNT - I
77. TRPROU a TRPROU + I
78. C
79. 10 CONTINUE
80. C INCREMENT THE INPUT ARRAY POINTER
81. INPNT a INPNT + 1
92. C IF THE TOKEN IS UNARY PLUS DISREGARD AND GET THE NEXT TOKEN
93. IF (INPUT(INPNT).EO.PLUS) GO TO 10
84. C END OF IF
85. C
86. C IF TOKEN IS UNARY MINUS CHANGE THE SIGN OF THE UNARY MINUS FACTOR
87. IF (INPUT(INPNT).NE.MINUS) 60 TO 40
Be. UNINUS = - UNINUS
89. C AND GET THE NEXT TOKEN
90. GO TO 10
91. C END OF IF
92. C
93. 40 CONTINUE
94. C IF TOKEN IS A CONSTANT OR VARIABLE
95. TEMP = INPUT(INPNT)/10000
96. IF ((TEMP.NE.2).AND.((TEMP.LT.7).OR.(TEMP.6T.9)).AND.
97. 3 (TEMP.LT.13)) GO TO 400
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98. C THEN MULTIPLY BY UNARY MINUS FACTOR AND MOVE THE TOKEN TO
99. C COLUMN TUO OF THE TRIPLE ARRAY

100. TRIPLE(TRPROU,2) = INPUT(INPNT) * UNINUS
101. C END OF IF
102. C
103. C RESET UNARY MINUS FACTOR TO POSITIVE
104. UMINUS = +1
105. C GET THE NEXT TOKEN
106. INPNT = INPNT + 1
107. C PLACE SUBTRACT CODE IN COLUMN ONE OF TRIPLE ARRAY
108. TRIPLE(TRPROUI) = SUB
109. C
110. C OBTAIN THE PROPER CODE FOR THE RELATIONAL OPERATOR
1tt. C REPEAT
112. C COMPARE INPUT TOKEN UITH RELATIONAL OPERATOR ARRAY
113. DO 50 RELPNT = 1,6
114. IF (INPUT(INPNT).EO.RELOPS(IRELPNT)) GO TO 60
115. 50 CONTINUE
116. C END OF REPEAT
117. C
118. 60 CONTINUE
119. C PLACE THE PROPER BRANCH CODE, BASED ON THE RELATIONAL OPERATORt
120. C IN COLUMN ONE OF THE NEXT TRIPLE ROU
121. TRIPLE(TRPROU + 1, 1) = RELOPS(2,RELPNT)
122. C PLACE 'POP' OPERATOR IN COLUMN TWO OF THE TRIPLE ARRAY
123. TRIPLE(TRPROU + 1, 2) = POP
124. C RETAIN THE TRIPLE ROU NUMBER FOR LATER INSERTION OF BRANCH ADDRESS
125. RENDER = TRPROU + 1
126. 70 CONTINUE
127. INPNT = INPNT 4 1
128. C IF THE TOKEN IS UNARY PLUS DISREGARD AND GET THE NEXT TOKEN
129. IF (INPUT(INPNT).EQ.PLUS) GO TO 70
130. C END OF IF
131. C
132. C IF TOKEN IS UNARY MINUS CHANGE THE SIGN OF THE UNARY MINUS FACTOR
133. IF (INPUT(INPNT).NE.MINUS) GO TO 90
134. UNINUS = - UMINUS
135. C AND GET THE NEXT TOKEN
136. GO TO 70
137. C END OF IF
138. C *

139. 90 CONTINUE
140. C IF TOKEN IS A CONSTANT OR VARIABLE
141. TEMP = INPUT(INPNT)/10000
142. IF ((TEMP.NE.2).AND.((TEMP.LT.7).OR.(TEMP.GT.9)).AND.
143. £ (TEMP.LT.15)) GO TO 400
144. C THEN MULTIPLY BY UNARY MINUS FACTOR AND MOVE THE TOKEN TO
145. C COLUMN THREE OF THE TRIPLE ARRAY
146. TRIPLE(TRPROU,3) x INPUT(INPNT) * UMINUS
147. INPNT a INPNT + I
149. Go TO 500
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149. C END OF IF
150. C
151. 400 CONTINUE
152. C PRINT ERROR MESSAGE
153. PRINT, "ERROR--TOKEN NOT A CONSTANT OR VARIABLE. TOKEN =
154. , INPUT(INPNT)
155. TRPROU - TRPROU + 1
f56. INPHT = INPHT + 1
157. 500 CONTINUE
158. TRPROU TRPROU + 1
159. RETURN
160. END
161. CSEJECT

1
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1. SUBROUTINE POSTFX (BRADDR, NUMBX, INPNT, INPUT, OUTPUT,
2. A PRTLVL, RENDER, TRIPLE, TRPROW)
3. C
4. C XXXXX XXXXX XXXXX XXXXX XXXXX X X
5. CXXX XX X X XX
6. C XXXXX X X XXXXX X XXXX X
7. C X X X X X X XX
8. C X XXXXX XXXXX X X X X
9. C
10. C .* ***** FUNCTION OF NODULE **.**ss4
11. C
12. C POSTFX TAKES AN INFIX ASSIGNMENT CLAUSE AS INPUT AND CONVERTS
13. C IT INTO AN EXPRESSION OF POSTFIX NOTATION UHICH IS OUTPUT.
14. C
15. C * * * * * * * * PROCEDURE FOLLOWED * * * * * * * *
16. C
17. C IF THE TOKEN IS AN END DELIMITER OR A REMARK, THE TOKENS IN THE
18. C STACK ARE OUTPUT UNTIL THE STACK IS EMPTY. IF THE TOKEN IS '(,

19. C IT IS PUSHED ONTO THE STACK. IF THE TOKEN IS A MINUS SIGN A
20. C CHECK IS MADE TO DETERMINE IF IT IS A UNARY MINUS. IF IT IS
21. C A UNARY MINUS, THE CONSTANT OR VARIABLE TOKEN ON WHICH IT
22. C OPERATES IS CHANGED TO A NEGATIVE VALUE.
23. C IF THE TOKEN IS A CONSTANT OR A VARIABLE, IT IS MOVED DIRECTLY
24. C TO THE OUTPUT. IF THE TOKEN IS AN OPERATOR AND THE STACK IS
25. C EMPTY, IT IS PUSHED ONTO THE STACK. IF THE STACK IS NOT EMPTY,
26. C THE TOKEN IS COMPARED UITH THE TOKEN AT THE TOP OF THE STACK
27. C AND IF THE STACK TOKEN IS OF EQUAL OR HIGHER PRECEDENCE IT IS
28. C MOVED TO OUTPUT. OTHERUISE IF THE TOKEN IS '), BOTH IT AND
29. C THE "(' FROM THE STACK ARE DISREGARDED. FINALLY IF NONE OF THE

30. C ABOVE CONDITIONS ARE TRUE, THE TOKEN IS PUSHED ONTO THE STACK
31. C AND THE NEXT TOKEN IS FETCHED. TOKEN ORDER-OF-PRECEDENCE FROM
32. C LOWEST TO HIGHEST IS OPENING PARENTHESIS (', CLOSINC PARENTHESIS
33. C ')', PLUS OR MINUS SIGN '4 OR -', MULTIPLY OR DIVIDE -* OR /',
34. C EXPODENTIATION '**', UNARY MINUS, AND FUNCTIONS.
35. C
36. C *4*4 * * *SUBROUTINES CALLED * *4* * *
37. C
38. C BLDTRP-MOVES POSTFIX-ORDERED TOKENS INTN ARRAY OF ORDERED TRIPLES
39. C
40. C * * * l* * * * iRIABLE DECLARATIONS *4* 4*4*

41. c
42. C PARAMETERS
43. C
44. C DRADDR-INTEGER ARRAY, LENGTH 20, HOLDS INTERNAL ADDRESS OF TRIPLE
45. C ROWS WHICH WILL GET UNCONDITIONAL BRANCH TO END OF TRIPLS
46. C NUMIX -INTEGER, COUNTS THE NUMBER OF PLACES FOR UNCONDITIONAL
47. C BRANCH TO END OF TRIPLES, INCREMENIS THE BRADDR ARRAY
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48. C INPNT -INTEGER, POINTS TO TOKENS IN THE INPUT VECTOR
49. C INPUT -INTEGER ARRAY, LENGTH 100, FOR PASSING TOKENS TO THIS

50. C NODULE
51. C OUTPUT-INTEGER ARRAY, LENGTH 100, FOR RETURNING POSTFIX
52. C ARITHiiEIC EXPRESSION
53. C PRTLVL-INTEGER, VARIALBE TO ALLOU PRINTING OF EXTRA INFORMATION
54. C UHICH SHOULD BE HELPFUL IN MODIFYING OR DEBUGGING THE

55. C SYSTEM
56. C RENDER-INTEGER, SAVES INTERNAL ADDRESS OF TRIPLE ARRAY TO INSERT
57. C ADDRESS FRUM BLDTRP SUBROUTINE
58. C TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNING ORDERED TRIPLES
59. C TRPROU-INTEGER, POINTER TO ROUS OF THE ARRAY OF ORDERED TRIPLES
60. C
61. INTEGER BRADDR(20), INPNT, INPUT(100), NUMBX, OUTPUT(100),

62. A PRTLVL, REMBER, TRIPLE(8O,3), TRPROU
63. C
64. C LOCAL VARIABLES
65. C
66. C ARRPNT-INTEGER, POINTS TO ENTRIES IN THE PRECEDENCE ARRAY

67. C CPAREN-INTEGER, POSSIBLE INPUT TOKEN OF CLOSING PARENTHESIS
69. C ELSE -INTEGER, POSSIBLE INPUT TOKEN 142409

69. C MINUS -INTEGER, POSSIBLE INPUT TOKEN 50006
70. C NOSAVE-IITEGER, POSSIBLE INPUT TOKEN 144002
71. C OPAREN-INTEGER, POSSIBLE INPUT TOKEN OF OPENING PARENTHESIS
72. C OUTPNT-INTEGER, POINTS TO TOKENS IN OUTPUT VECTOR

73. C PLUS -INTEGER, PUSSIBLE INPUT TOKEN 50005
74. C PREC -INTEGER ARRAY, SIZE 2 BY 18, HOLDS PRECEDENCE OF

75. C ARITHMETIC OPERATORS
76. C PRECS -INTEGER, PRECEDENCE OF TOKEN AT TOP OF THE STACK
77. C PRECT -IN1TEGER, PRECEDENCE OF TOKEN CURRENTLY UNDER CONSIDERATION
79. C STACK -INTEGER ARRAY, LENGTH 30, STACK FOR PROCESSING OPERATORS

79. C STKPNT-INTEGER, POINTER TO NEXT EMPTY POITION ON THE STACK
80. C TEMP -INTEGER, USED FOR DETERNINING IF TOKEN IS A VARIABLE OR
81. C CONSTANT
82. C THEN -INTEGER, POSSIBLE INPUT TOKEN 142408
83. C UNINUS-INTEBER, UNARY MINUS MULTIPLYING FACTOR
84. C
85. INTEGER ARRPNT, CPAREN, ELSE, END, IF, MINUS, OPAREN, OUTPNT,
86. a PLUS, PREC(2,18), PRECS, PRECT, STACK(30), STKPNT, TEMP,
87. & THEN, UMINUS
98. DATA CPAREH/50004/, ELSE/142409/, END/50030/, IF/140805/,
89. A MINUS/50006/, NOSAVE/144002/, OPAREN/50003/, PLUS/50005/,

90. £ THEN/142408/
91. DATA PREC/50003, 0, 50004, 1, 50005, 3, 50006, 3, 50007, 4,

92. A 50008, 4, 50009, 5, 50010, 2, 60001, 7, 60002, 7, 60003, 7,
93. 1 60004, 7, 60005, 7, 60006, 7, 60007, 7, 60008, 7, 60009, 7,
94. 1 60010, 7/
95. C
96. C***** *** EXECUTABLE CODE** *****

97. C
98. OUTPNT 1

wI
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99. STKPMT =I
I00. UMINUS +1
101. C IF THE TOKEN IS "THEN" OR "ELSE" MOVE IT TO OUTPUT
102. IF ((INPUT(INPNT).NE.THEN).AtID.(INPUT(INPNT).NE.ELSE)) GO TO 10
103. OUTPUT(OUTPNT) = INPUT(INPNT)
104. OUTPNT - OUTPNT + I
105. GO 70 20
106. C END OF IF
107. C
108. 10 CONTINUE
109. IPNT - INPNT - I
110. 20 CONTINUE
111. C INCREMENT THE INPUT ARRAY POINTER
112. INPNT = INPNT + 1
113. C
114. C IF THE TOKEN DELIMITS THE ASSIGNMENT CLAUSE (NOSAVE, IF, ELSE,
115. C OR REMARK)
116. IF ((INPUT(INPNT).NE.NOSAVE).AND.(INPUT(INPNT).NE.140805).AND.

117. 1 (INPUT(INPNT).NE.ELSE).AND.((INPUT(INPNT)/10000).NE.1)) GO TO 40
118. C THEN
11?. C UHILE THE STACK IS NOT EMPTY
120. 30 CONTINUE,
121. IF (STKPNT.EQ.•) GO TO 500
122. STKPNT = STKPNT - 1
123. C MOVE STACK TO OUTPUT
124. OUTPUT(OUTPNT) = STACK(STXPNT)

125. OUTPNT = OUTPNT + 1
126. 60 TO 30
127. C END OF UHILE
128. C END OF IF.
129. C

130. 40 CONTINUE
131. C IF THE TOKEN = I('
132. IF (INPUT(INPNT).NE.OPAREN) GO TO 50
133. C THEN PUSH TOREN ONTO STACK
134. STACK(STKPNT) a INPUT(INPNT)
135. STKPNT a STKPNT + 1
136. GO TO 20
137. C END OF IF.
138. C

139. 50 CONTINUE
140. C IF TOKEN IS A CONSTANT OR VARIABLE
141. TEMP = INPUT(INPUT)/l0000
142. IF ((TEtP.NE.2).AND.((TEMP.LT.7).OR.(TEMP.GT.9))
143. £ .AND.(TEMP.LT.15)) 60 TO 60
144. C THEN MULTIPLY BY UNARY MINUS FACTOR AND MOVE TOKEN TO OUTPUT
145. OUTPUT(OUTPUT) = INPUT(INPNT)*UMINUS
146. C RESET UNARY MINUS FACTOR TO POSITIVE
147. UMINUS a +1
148. OUTPNT 2 OUTPNT + 1
149. GO TO 20
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150. C END OF IF.

151. C

152. 60 CONTINUE
153. C IF TOKEN IS '+ OR
154. IF((INPUT(INPNT).NE.PLUS).AND.(INPUT(INPNT).NE.MINUS)) GO TO 80
155. C THEN IF THIS IS THE FIRST TOKEN OF THIS ASSIGNMENT CLAUSE
156. C THEN TOKEN IS A UNARY MINUS OR UNARY PLUS
157. IF (INPNT.EG.1) GO TO 70
158. C END OF IF.
159. C ELSE IF PREVIOUS TOKEN IS A FUNCTION OR OPERATOR BUT NOT ')"

160. C THEN TOKEN IS A UNARY MINUS OR UNAPY PLUS
161. TEMP = INPUT(INPNT - 1)/10000
162. IF (((TEMP.NE.5).AND.(TEMP.NE.6)).OR.
163. (INPUT(INPNT-1).EO.CPAREN)) GO TO 80
164. C END OF IF.
165. C END OF IF.
166. 70 CONTINUE
167. C
168. C IF TOKEN IS UNARY PLUS DISREGARD AND GET NEXT TOKEN
169. IF (INPUT(INPNT).EO.PLUS) 0 TO 20
170. C END OF IF
171. C IF TOKEN IS UNARY MINUS CHANGE SIGN OF UNARY MINUS FACTOR
172. UMINUS = -UMINUS
173. C RETURN FOR NEXT TOKEN
174. GO TO 20
175. C END OF IF.
176. C
177. 80 CONTINUE
178. C IF STACK IS EMPTY
179. IF (STKPNT.NE.1) GO TO 90
180. C THEN PUSH TOKEN ONTO STACK
181. STACK(STKPNT) = INPUT(INPNT)
182. STKPNT = STKPNT + 1
183. GO TO 20
184. C END OF IF.
185. C
186. 90 CONTINUE
187. C ASSIGN PRECEDENCE OF OPERATOR AT TOP OF STACK TO 'PRECS'
188. C REPEAT
189. C COMPARE TOKEN AT TOP OF STACK UITH PRECEDENCE ARRAY
190. DO tO0 ARRPNT = 1,18
191. 100 IF (STACK(STKPNT - 1).EO.PREC(1,ARRPNT)) GO TO 110
192. C END OF REPEAT.
193. 110 PRECS a PREC(2,ARRPNT)
194. C
195. C ASSIGN PRECEDENCE OF OPERATOR CURRENTLY UNDER CONSIDERATION TO
196. C 'PRECT'
197. C REPEAT
198. C COMPARE INPUT TOKEN UITH PRECEDENCE ARRAY
199. DO 120 ARRPNT = 1,18
200. 120 IF (INPUT(INPNT).EQ.PREC(1,ARRPNT)) 60 TO 130
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201. C END OF REPEAT.
202. 130 PRECT = PRFC(2,ARRPNT)
203. C
204. C COMPARE PRECEDENCE OF TOKEN AT TOP OF STACK UITH INPUT TOKEN
205. C IF PRECS ) OR = PRECT
206. IF (PRECS.LT.PRECT) GO TO 140
207. C THEN MOVE TOP OF STACK OPERATOR TO OUTPUT AND COMPARE TOKEN
208. C OPERATOR TO NEXT OPERATOR IN STACK.
209. STKPNT = STKPNT - 1
210. OUTPUT(OUTPNT) STACK(STKPNT)
211. OUTPNT = OUTPNT + 1
212. GO TO 80
213. 140 CONTINUE
214. C ELSE IF TOKEN ='
215. IF (INPUT(INPNT).NE.CPAREN) GO TO 150
216. C DISREGARD BOTH THE TOKEN AND '(', AND GET NEXT INPUT TOKEN
217. STKPNT = STKPNT - 1
218. Go TO 20
219. C END OF IF.
220. 150 CONTINUE
221. C ELSE PUSH TOKEN ONTO STACK
222. STACK(STKPNT) c INPUT(INPHT)
223. STKPNT = STKPNT + 1
224. GO TO 20
225. C END OF IF.
226. C
227. 500 CONTINUE
228. C PLACE AN IDENTIFIALBE DELIMITER ONTO THE STACK
229. OUTPUT(OUTPNT) = END
230. C
231. C IF PRTLVL = 0 URITE OUT THE POSTFIX ASSIGNMENT CLAUSE
232. IF (PRTLVL.EO.O) URITE (6,505) (OUTPUT(I), I = 1, OUTPNT)
233. C END OF IF
234. C
235. CALL BLDTRP (BRADDR, NUtNB, OUTPNT, OUTPUT, RENDER, TRIPLE,
236. 1 TRPROU)
237. 505 FORMAT ( , 16(7, IX))
238. RETURN
239. END
240. ClEJECT
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1. SUBROUTINE BLDTRP (BRADDR, NUMBX, OUTPNT, OUTPUT, RENBER, TRIPLE,

2. A TRPROU)
3. C
4. C XXXX X XXXX XXXXX XXXXX XXXXX
5. C X XX X X X X XX X
6. C XXXX X X X X XXXXX XXXXX
7. C X XX X X X X X X
8. C XXXX XXXXX XXXX X X X
9. C

10. C*s**,* * FUNCTION OF MODULE******
11. C
12. C BLDTRP ACCEPTS THE VECTOR OF ASSIGNMENT CLAUSE TOKENS WHICH ARE
13. C IN POSTFIX ORDER AS INPUT AND PROCESSES THEM INTO AN ARRAY OF
14. C ORDERED TRIPLES UHICH ARE OUTPUT.
15. C
16. C** * * PROCEDURE FOLLOED*******$
17. C
18. C THE VECTOR OF ASSIGNMENT CLAUSE TOKENS IS PARSED UNTIL AN
19. C OPERATOR IS FOUND IHICH IS PLACED IN THE FIRST COLUMN OF THE
20. C ARRAY OF ORDERED TRIPLES. THEN THE MODULE BACKSPACES IN THE
21. C ASSIGNMENT CLAUSE VECTOR TO FIND THE OPERAND(S) FOR THAT
22. C OPERATOR. ONE OPERAND IS REOUIRED FOR FUNCTION OPERATORS AND
23. C TUO OPERANDS FOR THE COMMON BINARY OPERATORS. THE OPERAND(S)
24. C ARE PLACED IN THE SECOND AND THIRD COLUMNS OF THE ORDERED
25. C TRIPLE ARRAY. THE INPUT VECTOR POSITION OF THE OPERAND OF
26. C UNARY OPERATORS AND THE SECOND OPERAND OF BINARY OPERATORS ARE
27. C REPLACED UITH THE 'POP' OPERATOR (113) UHICH VILL POP THE TOP
28. C INTERIM RESULT FROM A STACK DURING EXECUTION. THE INPUT VECTOR
29. C LOCATION OF OPERATORS AND FIRST OPERAND OF THE BINARY OPERATORS
30. C ARE ASSIGNED A VALUE OF ZERO TO INDICATE THE OPERATOR OR OPERAND
31. C HAS BEEN MOVED TO THE TRIPLE ARRAY. THE ARRAY OF ORDERED
32. C TRIPLES IS RETURNED TO THE CALLING MODULE.
33. C
34. C *****$* VARIABLE DECLARATIONS**** ***$
35. C
36. C PARAMETERS
37. C
38. C BRADDR-INTEGER ARRAY, LENGTH 20, HOLDS INTERNAL ADDRESS OF TRIPLE
39. C ROVS VNICH ILL GET UNCONDITIONAL BRANCH TO END OF TRIPLES
40. C NUMBX -INTEGER, COUNTS THE NUMBER OF PLACES FOR UNCONDITIONAL

41. C BRANCH TO END OF TRIPLES, INCREMENTS THE DRADDR ARRAY
42. C OUTPNT-INTEGER, BRINGS IN POINTER TO LAST TOKEN IN OUTPUT VECTOR;
43. C ALSO USED AS POINTER IN OUTPUT VECTOR
44. C OUTPUT-INTEGER ARRAY, LENGTH 100, FOR PASSING POSTFIX
45. C ASSIGNMENT CLAUSE
46. C REMBER-INTEGER, SAVES INTERNAL ADDRESS OF TRIPLE ARRAY TO INSERT

. . . . . .. ... . . ... • ... .. .. . . . . . . , . . . . . :J . . . . . . .| I1 I' 1 . . . . . .. .. . m z a . . . . . . . . .



63

47. C ADDRESS FROM BLDTRP SUBROUTINE
48. C TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNINO ORDERED TRIPLES
49. C TRPROU-INTEGER, POINTER TO ROUS OF THE ARRAY OF ORDERED TRIPLES
50. C
51. INTEGER BRADDR(20), NUBX, OUTPNT, OUTPUT(IO0), REMBER,
52. 1 TRIPLE(80,3), TRPROU
53. C
54. C LOCAL VARIABLES
55. C
56. C BEGIN -INTEGER, KEEPS POSITION IN OUTPUT VECTOR UHERE LAST
57. C OPERAND WAS FOUND
58. C END -INTEGER, DELIMITER FOR POSTFIX STACK
59. C POP -INTEGER, OPERATOR TO POP THE TOP INTERIM ORDERED TRIPLE
60. C RESULT FROM A STACK
61. C STAKLN-INTEGER, STORES LENGTH OF THE POSTFIX STACK
62. C TEMP -INTEGER, USED FOR DETERMINING IF TOKEN IS A VARIABLE OR
63. C CONSTANT
64. C
65. INTEGER BEGIN, BRANCH, END, POP, STAKLN, TEMP
66. DATA BRANCH/50017/, END/50030/1 POP/50019/
67. C
68. C*s*** ***EXECUTABLE CODE***** * *
69. C
70. STAKLN = OUTPNT
71. BEGIN a1
72. OUTPNT = 1
73. C
74. 10 CONTINUE
75. C REPEAT
76. C HILE THE TOKEN IS NOT THE 'END' DELIMITER
77. IF (OUTPUT(OUTPNT).EO.END) 60 TO 500
78. C DO PARSE THE TOKENS, MOVING OPERATORS AND OPERANDS INTO THE
79. C PROPER PLACE IN THE ARRAY OF ORDERED TRIPLES
80. C
81. C REPEAT
82. C PARSE THE POSTFIX VECTOR UNTIL AN OPERATOR IS FOUND
83. C STARTING UHERE LAST OPERAND UAS FOUND
84. DO 30 OUTPNT = BEGIN, STAKLN
85. C IF POSTFIX STACK DELIMITER IS ENCOUNTERED, STOP SUBROUTINE
86. IF (OUTPUT(OUTPNT).EQ.END) GO TO 500
87. C END OF IF
88. TEMP = OUTPUT(OUTPNT)/10000
89. IF ((TENP.EQ.5).OR.(TEMP.EO.6)) GO TO 40
90. 30 CONTINUE
91. C END OF REPEAT
92. C
93. 40 BEGIN = OUTPHT + 1
94. TRPROU TRPROU + 1
95. C PLACE OPERATOR FOUND IN FIRST COLUMN OF THE TRIPLE ARRAY
96. TRIPLE(TRPROUl) a O(JTPUT(OUTPNT)
97. C BLANK OUT THE POSITION OF THE OPERATOR TOKEN IN THE POSTFIX ARRAY
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98. OUTPUT(OUTPNT) - 0 .
99. C REPEAT

100. C BACKSPACE IN OUTPUT VECTOR UNTIL OPERAND OR PREVIOUS TRIPLE
101. C INTERIM RESULT IS FOUND
102. DO 50 1 = 1, STAKLN
103. OUTPNT = OUTPNT - I
104. TEMP = IABS(OUTPUT(OUTPNT)/10000)
105. IF ((TEHP.EO. 2).OR.((TEMP.GE.7).AND.(TEMP.LE.9)).OR.
106. £ (TEMP.GE.15).OR.(OUTPUT(OUTPNT).EO.POP)) GO TO 70
107. 50 CONTINUE
108. C END OF REPEAT
109. C
110. 70 CONTINUE
Ill. C PLACE FIRST OPERAND IN THIRD COLUMN OF TRIPLE ARRAY
112. TRIPLE(TRPROU,3) = OUTPUT(OUTPNT)
113. C STORE 'POP' OPERATOR IN THE POSTFIX STRING
114. OUTPUT(OUTPNT) = POP
115. C IF OPERATOR WAS A UNARY OPERATOR (FUNCTION), THEN GET NEXT TOKEN
116. IF ((TRIPLE(TRPROU,1))/1000O.EO.6) GO TO 10
117. C ELSE GET THE SECOND OPERAND
11i. C REPEAT
119. C BACKSPACE IN OUTPUT VECTOR UNTIL OPERAND OR PREVIOUS TRIPLE
120. C INTERIM RESULT IS FOUND
121. DO 90 1 = 1, STAKLN
122. OUTPNT = OUTPHT - 1
123. TEMP a IADS(OUTPUT(OUTPNT)/10000)
124. IF ((TEMP.EO. 2).OR.((TEMP.GE.7).AND.(TEMP.LE.9)).OR.
125. a (TEMP.GE.15).OR.(OUTPUT(OUTPNT).EQ.POP)) GO TO 100
126. 90 CONTINUE
127. C END OF REPEAT
128. C END OF IF
129. C
130. 100 CONTINUE
131. C PLACE SECOND OPERAND IN SECOND COLUMN OF TRIPLE ARRAY
132. TRIPLE(TRPROU,2) = OUTPUT(OUTPNT)
133. C BLANK OUT THE POSITION OF THE OPERAND TOKEN IN POSTFIX STRING
134. OUTPUT(OUTPNT) = 0
135. C END OF IF
136. C GET THE NEXT TOKEN
137. GO TO 10
138. C END OF REPEAT UHILE
139. C
140. 500 CONTINUE

141. C IF A RELATIONAL EXPRESSION EXISTS IN THE ORDERED TRIPLES
142. IF (REMBER.EQ.0) GO TO 600
143. C THEN INSERT THE ADDRESS OF THE NEXT TRIPLE ROU AS THE ADDRESS OF
144. C THE CONDITIONAL BRANCH ASSOCIATED UITH THE RELATIONAL
145. C EXPRESSION.
146. TRIPLE(REMBER,3) = TRPROU * 2
147. C ZERO OUT PARAMETER
148. RENDER * 0
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149. TRPROU a 7RPROV + 1
150. C INSERT UNCONDITIONAL BRANCH OPERATOR INTO ORDERED TRIPLES
151. C (THE ADDRESS OF THIS BRANCH IS INSERTED IN SUBROUTINE CTRIPS)
152. TRIPLE(TRPROU,1) BRANCH
153. C INCREMENT THE NUMBER OF 7INES AN UNCONDITIONAL BRANCH ADDRESS
154. C HAS BEEN SAVED
155. NWIBX - NUIIBX + 1
156. C SAVE THE INTERNAL TRIPLE ADDRESS FOR USE IN CTRIPS SUBROUTINE
157. BRADDR(NUMBX) =TRPROU
iSS. C END OF IF
159. C
160. 600 RETURN
161. END
162. CEJECT
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1. SUBROUTINE PSTFXS (INPUT, PRTLVL, TRIPLE, TRPROU)
2. C
3. C XXXXX XXXXX XXXXX XXXXX X X XXXXX
4. CXXX XX XX X
5. C XXXXX XXXXX X XXXX X XXXXX
6. C X x X XX X '1
7. C X XXXXX X X X X XXXXX

8. C
9. C : * **** FUNCTION OF MODULE********
10. C
11. C PSTFXS TAKES A BOOLEAN EXPRESSION COMPOSED OF LOGICAL OPERATORS
12. C WITH RELATIONAL EXPRESSION OPERANDS AS INPUT AND CONVERTS THEN
13. C INTO POSTFIX NOTATION WHICH IS OUTPUT.
14. C
15. C**** *** PROCEDURE FOLLOWED******
16. C
17. C IF THE TOKEN IS AN END DELIMITER OR A REMARK, THE TOKENS IN THE
le. C STACK ARE OUTPUT UNTIL THE STACK IS EMPTY. IF THE TOKEN IS '(,
1?. C IT IS PUSHED ONTO THE STACK. IF THE TOKEN IS A MINUS SIGN A
20. C CHECK IS MADE TO DETERMINE IF IT IS A UNARY MINUS. IF IT IS
21. C A UNARY MINUS, THE CONSTAUT OR VARIABLE TOKEN ON WHICH IT
22. C OPERATES IS CHANGED TO A NEGATIVE VALUE. IF THE TOKEN IS AN
23. C OPERAND (OR PORTION OF AN OPERAND) OF A LOGICAL OPERATOR (.AND.,
24. C .OR.) TO THE OUTPUT. IF THE TOKEN IS AN OPERATOR AND THE STACK IS
25. C EMPTY, IT IS PUSHED ONTO THE STACK. IF THE STACK IS NOT EMPTY,
26. C THE TOKEN IS COMPARED WITH THE TOKEN AT THE TOP OF THE STACK
27. C AND IF THE STACK TOKEN IS OF EQUAL OR HIGHER PRECEDENCE IT IS
28. C MOVED TO OUTPUT. OTHERUISE IF THE TOKEN IS ')', BOTH IT AND
29. C THE '(' FROM THE STACK ARE DISREGARDED. FINALLY IF NONE OF THE
30. C ABOVE CONDITIONS ARE TRUE, THE TOKEN IS PUSHED ONTO THE STACK
31. C AND THE NEXT OPERATOR FETCHED. OPERATOR ORDER-OF-PRECEDENCE FROM
32. C LOUEST TO HIGHEST IS OPENING PARENTHESIS '(', CLOSING PARENTHESIS
33. C ")', LOGICAL OR '.OR.', AND LOGICAL AND '.AND.'.
34. C
35. C**** ** * SUBROUTINES CALLED ***$****
36. C
37. C TRIPLS-MOVES POSTFIX-ORDERED TOKENS INTO ARRAY OF ORDERED TRIPLES
39. C
39. C • ie** VARIABLE DECLARATIONS** ******
40. C
41. C PARAMETERS
42. C
43. C INPUT -INTEGER ARRAY, LENGTH 100, FOR PASSING TOKENS TO THIS
44. C MODULE
45. C PRTLVL-INTEGER, VARIALDE TO ALLOU PRINTING OF EXTRA INFORMATION
46. C UHICH SHOULD BE HELPFUL IN MODIFYING OR DEBUGGING THE

I
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47. C SYSTEM
49. C TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNING ORDERED TRIPLES
49. C TRPROU-INTEGER, POINTER TO ROUS OF THE ARRAY OF ORDERED TRIPLES
50. C
51. INTEGER INPUT(100), PRTLJL, TRIPLE(80,3), TRPROU
52. C
53. C LOCAL VARIABLES
54. C
55. C ARRPNT-INTEGER, POINTS TO ENTRIES IN THE PRECEDENCE ARRAY
56. C CPAREN-INTEGER, POSSIBLE INPUT TOKEN OF CLOSING PARENTHESIS
57. C IN -INTEGER, POSSIBLE INPUT TOKEN 140806
58. C INPNT -INIEGER, POINTS TO TOKENS IN THE INPUT VECTOR
59. C MINUS -INTEGER, POSSIBLE INPUT TOKEN 50006
60. C NOSAVE-INTEGER, POSSIBLE INPUT TOKEN 144002
61. C NOT -INTEGER, POSSIBLE INPUT TOKEN 141607
62. C OPAREN-INTEGER, POSSIBLE INPUT TOKEN OF OPENING PARENTHESIS
63. C OUTPNT-INTEGER, POINTS TO TOKENS IN OUTPUT VECTOR
64. C OUTPUT-INTEGER ARRAY, LENGTH 100, FOR PASSING POSTFIX
65. C BOOLEAN EXPRESSION
66. C PLUS -INTEGER, POSSIBLE INPUT TOKEN 50005
67. C PREC -INTEGER ARRAY, SIZE 2 BY 4, HOLDS PRECEDENCE OF
68. C ARITHMETIC OPERATORS
69. C PRECS -INTEGER, PRECEDENCE OF TOKEN AT TOP OF THE STACK
70. C PRECT -INTEGER, PRECEDENCE OF TOKEN CURRENTLY UNDER CONSIDERATION
71. C STACK -INTEGER ARRAY, LENGTH 30, STACK FOR PROCESSING OPERATORS
72. C STKPNT-INTEGER, POINTER TO NEXT EMPTY POSITION ON THE STACK
73. C TEMP -INTEGER, USED FOR DETERMINING IF TOKEN IS A VARIABLE OR
74. C CONSTANT
75. C UMINUS-INTEGER, UNARY MINUS MULTIPLYING FACTOR
76. C
77. INTEGER ARRPNT, CPAREN, END, IN, INPNT, MINUS, NOSAVE, NOT,
78. A OPAREN, OUTPNT, OUTPUT(100), PLUS, PREC(2,4), PRECS, PRECT,
79. & STACK(30), STKPNT, TEMP, UMINUS
80. C
81. C CONSTANTS
82. C
93. DATA CPAREN/50004/, END/50030/, IN/140806/, MINUS/50006/,
84. 1 NOSAVE/144002/, NOT/141607/, OPAREN/50003/, PLUS/50005/,
95. a PREC/50003, 0, 50004, 1, 40001, 9, 40002, 8/
96. C
87. C ***.*** EXECUTABLE CODE***e***.
8. C
89. INPNT 0
90. OUTPNT * 1
91. STKPNT 1 1
92. UMINUS = +1
93. C
94. 20 CdNTINUE
95. C INCREMENT THE INPUT ARRAY POINTER
96. INPNT = INPNT + I
97. C
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98. C IF THE TOKEN DELIMITS THE BOOLEAN EXPRESSION (NOSAVE, REMARK)

99. IF ((INPUT(INPNT).NE.NOSAVE).AND.
100. 1 ((INPUT(INPNT)/10O00).NE.1)) GO TO 40
101. C THEN
102. C UHILE THE STACK IS NOT EMPTY
103. DO 30 1 = 1,30
104. IF (STKPNT.EO.1) 0 TO 500
105. STKPNT = STKPNT - 1
106. C MOVE STACK TO OUTPUT
107. OUTPUT(OUTPNT) = STACK(STKPNT)
108. 30 OUTPNT a OUTPNT + I
109. C END OF UHILE
110. C END OF IF.
111. C
112. 40 CONTINUE
113. C IF THE TOKEN =
114. IF (INPUT(INPNT).NE.OPARE) 60 TO 50
115. C THEN PUSH TOKEN ONTO STACK
116. STACK(STKPNT) = INPUT(INPNT)
117. STKPNT = STKPNT + 1
119. 60 TO 20
119. C END OF IF.
120. C
121. 50 CONTINUE
122. C IF THE TOKEN IS AN OPERAND (OR PORTION OF AN OPERAND) OF A LOGICAL
123. C OPERATOR (CONSTANT, VARIABLE, IN, NOT, OR A RELATIONAL OPERATOR)
124. TEMP = INPUT(INPNT)/10000
125. IF (((INPUT(INPNT)/10000).EO.4).OR.(1NPUT(INPNT).EO.CPAREN)
126. A .OR.(INPUT(INPNT).EO.MINUS).OR.(INPUT(INPNT).EO.PLUS)
127. & ,OR.(INPUT(INPNT).EQ.OPAREN)) 00 TO 60
128. C THEN MOVE TOKEN TO OUTPUT
129. OUTPUT(OUTPNT) = INPUT(INPNT) * UMINUS
130. C END OF IF
131. C RESET UNARY MINUS FACTOR TO POSITIVE
132. UMINUS a +1
133. OUTPNT = OUTPNT + I
134. 00 TO 20
135. C
136. C IF TOKEN IS '+ OR '-

137. 60 CONTINUE
138. IF((INPUT(INPNT).NE.PLUS).AND.(INPUT(INPNT).NE.MINUS)) GO TO 80
139. C THEN IF THIS IS THE FIRST TOKEN OF THIS RELATIONAL EXPRESSION
140. C THEN TOKEN IS A UNARY MINUS-OR UNARY PLUS
141. IF (INPHT.EO.1) GO TO 70
142. C END OF IF.
143. C ELSE IF PREVIOUS TOKEN IS A FUNCTION OR OPERATOR BUT NOT )'
144. C THEN TOKEN IS A UNARY MINUS OR UNARY PLUS
145. TEMP = INPUT(INPNT - 1)/10000
146. IF (((TEMP.NE.5).AND.(TEMP.NE.6)).OR.
147. 1 (INPUT(INPNT-1).EO.CPAREN)) GO TO 80
148. C END OF IF.
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149. C END OF IF.
150. C
151. 70 CONTINUE
152. C IF TOKEN IS UNARY PLUS DISREGARD AND GET NEXT TOKEN
153. IF (INPUT(INPNT).EO.PLUS) GO TO 20
154. C END OF IF
155. C IF TOKEN IS UNARY MINUS CHANGE SIGN OF UNARY MINUS FACTOR
156. UMINUS = -UNINUS
157. C RETURN FOR NEXT TOKEN
158. 60 TO 20
159. C END OF IF.
160. C
161. 80 CONTINUE
162. C IF STACK IS EMPTY
163. IF (STKPNT.NE.1) GO TO 90
164. C THEN PUSH TOKEH ONTO STACK
165. STACK(STKPNT) z INPUT(INPNT)
166. STKPNT = STKPNT + 1
167. GO TO 20
168. C END OF IF.
169. C
170. 90 CONTINUE
171. C ASSIGN PRECEDENCE OF OPERATOR AT TOP OF STACK TO "PRECS'
172. C REPEAT
173. C COMPARE TOKEN AT TOP OF STACK UITH PRECEDENCE ARRAY
174. DO 100 ARRPNT a 1,4
175. 100 IF (STACK(STKPNT - 1).EO.PREC(1,ARRPNT)) GO TO 110
176. C END OF REPEAT.
177. 110 PRECS = PREC(2,ARRPNT)
178. C
179. C ASSIGN PRECEDENCE OF OPERATOR CURRENTLY UNDER CONSIDERATION TO
160. C 'PRECTV
181. C REPEAT
182. C COMPARE INPUT TOKEN UITH PRECEDENCE ARRAY
183. DO 120 ARRPNT n 1,4
184. IF (INPUT(INPNT).EQ.PREC(IARRPNT)) 00 TO 130
185. 120 CONTINUE
186. C END OF REPEAT.
187. 130 PRECT a PREC(2,ARRPNT)
lee. C
199. C COMPARE PRECEDENCE OF TOKEN AT TOP OF STACK UITH INPUT TOKEN
190. C IF PRECS >* PRECT
191. IF (PRECS.LT.PRECT) GO TO 140
192. C THEN HOVE TOP OF STACK OPERATOR TO OUTPUT AND COMPARE TOKEN
193. C OPERATOR TO NEXT OPERATOR IN STACK.
194. STKPNT m STKPNT - I
195. OUTPUT(O1)PNT) a STACK(STKPNT)
196. OUTPNT a OUTPNT + I
197. GO TO 80
198. 140 CONTINUE
199. C ELSE IF TOKEN I)'
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200. IF (INPUT(INPNT).NE.CPAREN) GO TO 150
201. C THEN DISREGARD BOTH THE TOKEN AND (', AND GET NEXT TOKEN
202. STKPNT = STKPNT - 1
203. GO TO 20
204. 150 CONTINUE
205. C ELSE PUSH TOKEN ONTO STACK
206. STACK(STKPNT) a INPUT(INPNT)
207. STKPNT = STKPNT 4 t
208. 30 TO 20
209. C END OF IF.
210. C END OF IF.
211. C
212. 500 CONTINUE
213. C PLACE AN IDENTIFIALBE DELIKITER ONTO THE STACK
214. OUTPUT(OUTPNT) z END
215. C
216. C IF PRTLVL = 0 URITE OUT THE POSTFIX BOOLEAN EXPRESSION
217. IF (PRTLVL.EO.O) URITE (6,505) (OUTPUT(l), I = 1, OUTPNT)
219. C END OF IF
219. C
220. 505 FORHAT V ', 16(17, IX))
221. CALL TRIPLS (OUTPNT, OUTPUT, PRTLVL, TRIPLE, TRPROU)
222. RETURN
223. END
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1. SUBROUTINE TRIPLS (OUTPNT, OUTPUT, PRTLVL, TRIPLE, TRPROU)
2. C

3. C XXXXX XXXXX XXX XXXXX X XXXXX
4. C X X X X X XX X
5. C X XXXXX X XXXXX X XXXXX
6. C X X X X X X X
7. C X X XXXXX XXXXX XXXXX
B. C
9. C**** .FU FUNCTION OF MODULE s****.
10. C
11. C TRIPLS ACCEPTS THE VECTOR OF BOOLEAN EXPRESSION TOKENS UHICH ARE
12. C IN POSTFIX ORDER AS INPUT AND PROCESSES THEM INTO AN ARRAY OF
13. C ORDERED TRIPLES WHICH ARE OUTPUT.
14. C
15. C**** ** : PROCEDURE FOLLnUED** ***
16. c
17. C THE VECTOR OF BOOLEAN EXPRESSION TOKENS IS PARSED AND THE
18. C TOKENS IDENTIFIED. LOGICAL OPERATORS (.AND., .OR.) ARE MOVED
19. C TO COLUMN ONE OF THE TRIPLE ARRAY. THE OPERANDS 'IN GROUP/
20. C MODULE" OR 'NOT IN GFOUP/MODULE" ARE MOVED DIRECTLY TO A TRIPLE.
21. C THE OPERANDS OF RELATIONAL EXPRESSIONS ARE PLACED IN COLUMNS TUG
22. C AND THREE OF THE TRIPLE WITH THE 'SUB' COMMAND IN COLUMN ONE.
23. C A CONDITIONAL AND UNCONDITIONAL BRANCH ARE PLACED IN THE TRIPLES
24. C TO CAUSE A '1' TO BE PUSHED ONTO THE STACK IF THE RELATIONAL
25. C EXPRESSION IS TRUE OR A '0' IF IT IS FALSE. THE FINAL TRIPLE
26. C IS GIVEN THE COMMAND 'SETMSK' WHICH UILL POP THE FINAL RESULT
27. C OF THE BOOLEAN EXPRESSION FROM THE STACK AND SET A MASK TO '1'
29. C IF TRUE OR '0' IF FALSE. THE ARRAY OF ORDERED TRIPLES IS
29. C RETURNED TO THE CALLING MODULE.
30. C
31. C**s** * *$ VARIABLE DECLARATIONS *******$
32. C
33. C PARAMETERS
34. C
35. C OUTPHT-INTEGER, BRINGS IN POINTER TO LAST TOKEN IN OUTPUT VECTOR;
36. C ALSO USED AS POINTER IN OUTPUT VECTOR
37. C OUTPUT-INTEGER ARRAY, LENGTH 100, FOR PASSING POSTFIX
38. C BOOLEAN EXPRESSION
39. C PRTLVL-INTEGER, VARIALBE TO ALLOU PRINTING OF EXTRA INFORMATION
40. C WHICH SHOULD BE HELPFUL IN MODIFYING OR DEBUGGING THE
41. C SYSTEM
42. C TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNING ORDERED TRIPLES
43. C TRPROU-INTEGER, POINTER TO ROUS OF THE ARRAY OF ORDERED TRIPLES
44. C
45. INTEGER OUTPNT, OUTPUT(100), PRTLVL, TRIPLE(80,3), TRPROU
46. c
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47. C LOCAL VARIABLES
48. C
49. C BEGIN -INTEGER, KEEPS POSITION IN OUTPUT VECTOR UHERE LAST
50. C OPERAND WAS FOUND
51. C END -INTEGER, DELIMITER FOR POSTFIX STACK
52. C NOT -INTEGER, POSSIBLE INPUT TOKEN 141607
53. C POP -INTEGER, OPERATOR TO POP THE TOP INTERIM ORDERED TRIPLE
54. C RESULT FROM A STACK
55. C RELOPS-INTEGER ARRAY, SIZE 2 BY 6, HOLDS RELATIONAL OPERATOR AND
56. C BRANCH CODES. THE OPERATOR CODES INSERTED INTO THE ORDERED
57. C TRIPLE ARRAY ARE:
58. C INPUT RELATIONAL BRANCH BRANCH
59. C TOKEN OPERATOR CONDITION CODE
60. C 30001 .EQ. BNZ 50011
61. C 30002 .NE. BZ 50012
62. C 30003 .GT. BZ 50013
63. C 30004 .LT. BPZ 50014
64. C 30005 .GE. BP 50015
65. C 30006 .LE. BM 50016
66. C SAVE -INTEGER, SAVE THE ADDRESS OF OPERAND OF LOGICAL OPERATOR
67. C TENP -INTEGER, USED FOR DETERMINING IF TOKEN IS A VARIABLE OR
68. C CONSTANT
69. C
70. INTEGER ADD, AND, BEGIN/l/, BNZ, BRANCH, BOOLOP, END, OR, POP,
71. & RELOPS(2,6), SAVE, SELECT, SETNSK, SUB, TEMP
72. DATA ADD/50018/, AND/40001/, BNZ/50011/, BRANCH/50017/,
73. & END/50030/, IN/140806/, NOT/141607/, OR/40002/, POP/50019/,
74. & RELOPS/30001, 50011, 30002, 50012, 30003, 50013, 30004, 50014,
75. A 30005, 50015, 30006, 50016/, SELECT/50026/, SEThSK/50020/,

76. & SUB/50006/
77. C
78. C ******* EXECUTABLE CODE *** **
79. C
80. OUTPNT 0
81. t0 CONTINUE
82. OUTPNT a OUTPNT + 1
83. TRPROU = TRPROU + 1
84. C IF THE TOKEN IS END DELIMITER THEN FINALIZE THE TRIPLE ARRAY
85. IF (OUTPUT(OUTPNT).EO.END) GO TO 400

86. C END OF IF
87. C
Be. C IF THE TOKEN IS '.OR.' PLACE IT IN THE TRIPLE ARRAY
89. IF (OUTPUT(OUTPNT).NE.OR) GO TO 30
90. TRIPLE(TRPROUV,) - 50022
91. 00 TO 10
92. C END OF IF
93. C
94. 30 CnNTINUE
95. C IF THE TOKEN IS '.AND.' PLACE IT IN THE TRIPLE ARRAY
96. IF (OUTPUT(OUTPNT).NE.AND) GO TO 50
97. TRIPLE(TRPROU,1) = 50021
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9. 6O TO 10

99. C END OF IF
100. C
101. 50 CONTINUE
102. C IF THE TOKEN IS 'IN' PLACE 'IN' AND THE GROUP IDENTIFIER IN THE
103. C TRIPLE ARRAY
104. IF (OUTPUT(OUTPNT).NE.IN) GO TO 70
105. TRIPLE(TRPROU,I) = 50023
106. TRIPLE(TRPRO,3) = OUTPUT(OUTPNT + 1)
107. OUTPNT = OUTPNT 4 1
108. GO TO 10
109. C END OF IF
110. C
111. 70 CONTINUE
112. C IF THE TOKEN IS 'NOT' PLACE 'NOT IN' AND THE GROUP IDENTIFIER IN
113. C THE TRIPLE ARRAY
114. IF (OUTPUT(OUTPNT).NE.NOT) GO TO 100
115. TRIPLE(TRPROU,1) = 50024
116. TRIPLE(TRPRO,3) = OUTPUT(OUTPNT + 2)
117. OUTPNT = OUTPNT + 2
118. 00 TO 10
119. C END OF IF
120. C
121. C ANY TOKENS WHICH FILTER DOUN TO THIS POINT ARE RELATIONAL EXPRESSION
122. C OPERANDS OF THE LOGICAL OPERATORS. PLACE THE SUBTRACT OPERATOR
123. C IN COLUMN ONE AND THE TWO VARIABLES OR CONSTANTS IN COLUMNS
124. C TUO AND THREE OF THE TRIPLE ARRAY
125. 100 TRIPLE(TRPROU,1) = SUB
126. TRIPLE(TRPROU,2) a OUTPUT(OUTPNT)
127. TRIPLE(TRPROU,3) = OUTPUT(OUTPNT + 2)
129. TRPROU = TRPROU + 1
129. OUTPNT = OUTPNT + 1
130. C
131. C OBTAIN THE PROPER CODE FOR THE RELATIONAL OPERATOR
132. C REPEAT
133. C CONPARE INPUT TOKEN UITH RELATIONAL OPERATORS UNTIL MATCH
134. DO 140 1 = 1,6
135. 140 IF (OUTPUT(OUTPNT).EO.RELOPS(1,I)) 60 TO 150
136. C END OF REPEAT
137. C
138. 150 CONTINUE
139. C PLACE THE PROPER BRANCH CODE, BASED ON THE RELATIONAL OPERATOR,
140. C IN COLUMN ONE OF THE NEXT TRIPLE ROU
141. TRIPLE(TRPROU,1) = RELOPS(2,I)
142. C PLACE 'POP' OPERATOR IN COLUMN TUO OF THE TRIPLE ARRAY
143. TRIPLE(TRPROU,2) = POP
144. TRIPLE(TRPROU,3) = TRPROU + 3
145. 180 CONTINUE
146. TRPROU x TRPROU + I
147. C PLACE 'ADD 0 1' IN TRIPLE ARRAY FOR TRUE CONDITION
148. TRIPLE(TRPROU,1) = ADD
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149. TRIPLE(TRPROU,2) z 0
150. TRIPLE(TRPROU,3) - 1
151. IRPRO= TRPROV * 1
152. C PLACE UNCONDITIONAL BRANCH' AND TRIPLE ADDRESS IN TRIPLE ARRAY

153. TRIPLE(TRPROU,1) = BRANCH
154. TRIPLE(TRPROU,3) - TRPROU 4 2
155. TRPROU = TRPROU + 1
156. C PLACE "ADD 0 0' IN TRIPLE ARRAY
157. TRIPLE(TRPROU,1) - ADD
158. TRIPLE(TRPROW,2) = TRIPLE(TRPROU,3) a 0
159. OUTPNT = OUTPNT + 1
160. 60 TO 10
161. C
162. C FINALIZE THE TRIPLE ARRAY FOR BOOLEAN EXPRESSIONS. SETMSK UILL
163. C CAUSE THE EXECUTION PHASE TO SET A FLAG ACCORDING TO THE
164. C RESULTS OF A TRUE OR FALSE BOOLEAN EXPRESSION.
165. 400 CONTINUE
166. TRIPLE(TRPROUW,) = SETNSK
167. TRIPLE(TRPROU,2) = POP
168. TRIPLE(TRPROU,3) = SELECT
169. TRPROU = TRPROU + 1

170. C
171. C IF PRTLVL = 0 URITE OUT THE ORDERED TRIPLES
172. IF (PRTLVL.NE.0) GO TO 700
173. 600 N = TRPROU
174. DO 550 TRPROU = 1,N
175. 550 URITE (6,510) (TRIPLE(TRPROUJ), J = 1, 3)
176. 510 FORMAT (" ", 110, I7, T25, I7, T40, 17)
177. 700 RETURN
178. END
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